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TABLE  4-22 


I 

1 


SOIL  GAS  RESULTS 
MO  GAS  STORAGE  AREA 
MYRTLE  BEACH  Air  Force  Base 


Sample  HNU  Measurement  (ppm) 

Designation  _ Peak _  _ Stable 


A1 

0.8 

0.7 

A2 

7.9 

3.6 

A3 

49.6 

18.6 

A4 

29.6 

15.6 

A5 

44.6 

42.6 

A6 

53.6 

36.6 

A7 

133.8 

93.8 

B1 

0.6 

0.5 

B2 

0.9 

0.5 

B3 

0.5 

0.4 

B4 

57.7 

29.7 

B5 

71.7 

51.7 

B6 

0 

0 

B7 

83.8 

81.8 

Cl 

11.1 

7.8 

C2 

18.4 

4.4 

C3 

46.7 

40.7 

C4 

124.7 

0 

C5 

121.7 

0 

C6 

0.4 

0.3 

C7 

8.2 

7.4 

D1 

6.7 

4.7 

D2 

3.4 

3 

D3 

60.8 

45.8 

D4 

9.8 

8.4 

D5 

3.5 

1.9 

4-125 
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TABLE  4-24 
MOGAS  Storage  Area 

Analytical  Results  for  Inorganics  and  Petroleum  Hydrocarbons 
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B:  analyte  detected  in  the  associated  Method  Blank. 

J:  This  result  should  be  considered  a  quantitative  estimate. 
Blank  spaces  indicate  that  the  compound  was  not  detected. 


TABLE  4-26 
MOGAS  Storage  Area 

Analytical  Results  for  Semivolatile  Organic  Compounds 
Soil  Cutting  Results  For  November  1988 
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TABLE  4-28 
MOGAS  Storage  Area 

Analytical  Results  for  Volatile  Organic  Compounds 
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Blank  spaces  indicate  that  the  compound  was  not  detected. 
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SOIL  GAS  AND  GROUND  WATER  SURVEY 
MYRTLE  BEACH  AIR  FORCE  BASE 
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(TARGET  ENVIRONMENTAL  SERVICES,  JULY  1993) 


APPENCOV.DOC 


and  should  be  viewed  in  that  context 
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INSTALLATION  RESTORATION  PROGRAM 
FIRST  DRAFT  MOGAS  STORAGE  AREA  DATA  SUMMARY  REPORT 
(LAW  ENVIRONMENTAL,  AUGUST  1993) 
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FILENAME:  a: \MRAFR\unr.A<; ^  nwn 


FILENAME:  g:\MBAFB\MOGAS.DWC 


TABLE  3 


FIELD  GROUND-WATER  SCREEN  RESULTS,  June  1993 
MOGAS  Storage  Area 
Former  Myrtle  Beach  AFB,  South  Carolina 


SAMPLE  NUMBER 

PARAMETER 

METHOD 

UNITS 

SS20GW01 

SS20GW02 

SS20GW03 

SS20GW04 

SS20GW05 

Benzene 

602M 

//g/L 

2.2 

<1.0 

1.4 

3.3 

5.8 

Ethylbenzene 

602M 

//g/L 

<1.0 

<1.0 

<1.0 

<1.0 

1.8 

Toluene 

602M 

//g/L 

<1.0 

1.9 

4.8 

1.7 

17 

Xylenes, 

total1*’ 

602M 

//g/L 

1.3 

2.0 

8.2 

2.9 

20 

Total  FID 
Volatiles{b) 

602M 

//g/L 

44 

16 

49 

37 

132 

SAMPLE  NUMBER 

PARAMETER 

METHOD 

UNITS 

SS20GW06 

SS20GW07 

SS20GW08 

SS20GW09 

SS20GW10 

Benzene 

602M 

//g/L 

36 

34 

42 

358 

3.8 

Ethylbenzene 

602M 

//g/L 

40 

28 

15 

84 

<1.0 

Toluene 

602M 

//g/L 

323 

221 

149 

792 

6.9 

Xylenes, 

total1*1 

602M 

//g/L 

244 

148 

71 

686 

4.7 

Total  FID 
Volatileslb) 

602M 

//g/L 

1895 

1610 

1272 

9820 

80 

(a)  Total  xylenes  includes  ortho,  meta  and  para  xylenes. 

(b)  FID  =  Flame  Ionization  Detector 

Sample  Collection  Date:  6/29/93 


0667.70 
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FILENAME:  g:\M8AFB\BENZC0NC 


TABLE  4 


GROUND-WATER  SCREEN  RESULTS.  June  1993 
Law  Environmental  National  Labs 
MOGAS  Storage  Area 
Former  Myrtle  Beach  AFB,  South  Carolina 


SAMPLE  NUMBER 

PARAMETER 

METHOD 

UNITS 

SS20GW02 

SS20GW07 

SS20GW09 

Benzene 

SW  8020 

Afl/L 

1.2 

150 

590 

Ethylbenzene 

SW  8020 

A0/L 

<5.0 

30 

86 

Toluene 

SW  8020 

aq/l 

1.9 

220 

430 

Xylenes 

SW  8020 

aq/l 

1.8 

82 

280 

Surrogates: 

fluorobenzene 

SW  8020 

% 

106 

106 

106 

4-chlorotoluene 

SW  8020 

% 

109 

108 

112 

Positive  results  listed  only. 

Sample  Collection  Date:  6/29/93 


0667.70 
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RESULTS  OF  SOILS  FROM  TANK  EXCAVATIONS 


I 

I 


LOCATION 

B 

ppm 

T 

ppm 

E 

ppm 

X 

ppm 

BTEX 

ppm 

TPH 

ppm 

01G2NORTH 

2.3 

8.7 

3.8 

25.8 

45.6 

2800 

02G2SOUTH 

2.6 

3.2 

6.2 

56 

68 

1860 

03G3NORTH 

2.3 

10.6 

1.7 

65.3 

79.9 

2330 

04G3SOUTH 

<1 

<1 

<1 

<1 

<1 

6 

01G4EAST 

1.8 

12.8 

10.2 

39.3 

64.1 

2000 

02G4WEST 

<1 

13.6 

7.2 

32.6 

54.4 

1900 

03G5EAST 

<1 

6.5 

4.4 

17.4 

29.3 

82.5 

04G5WEST 

2 

3.1 

3.6 

6.2 

14.9 

111 

RESULTS  OF  SOILS  FROM  STOCKPILES 


LOCATION 


G2G301 


G2G302 


G2G303 


G2G304 


G2G305 


G2G306 


G2G307 


G2G308 


G2G309 


G11112 


APPENDIX  A4 

INSTALLATION  RESTORATION  PROGRAM 
CORRECTIVE  ACTION  PLAN 
(LAW  ENVIRONMENTAL,  JULY  1994) 
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SOIL  SAMPLES  ANALYTICAL  RESULTS,  APRIL  1994 
Law  Environmental  National  Labs 
MOGAS  Storage  Area 
Former  Myrtle  Beach  AFB,  South  Carolina 
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GROUND  WATER  ANALYTICAL  RESULTS,  APRIL  1994 
Low  Environmental  National  Labs 
MOGAS  Storage  Area 
Former  Myrtle  Beach  AFB,  South  Carolina 
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ppm  ARE  SHOWN  ON  THE  WAP 


’  .  FIGURE  24 

;  ,  EXTENT  OF  GROUNDWATER 

i  ' ,  CONTAMINATION  (BENZENE  jtig/L) 

I  !  ‘  ill  FORMER  MYRTLE  BEACH  AFa 

<  MW-'OS ,  .!  i  |  .  MYRTLE  BEACH.  SOUTH  CAROLINA 
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SCALE  IN  FEET 


31JLUAIAI 

lAIHOd 

sJVNIIAIVINOO  Hlfl 


HTW  DRILLING  LOG 


1.  COMPANY  NAME 

Law  Environmental,  Inc. 


3.  PROJECT 

Myrtle  Beach  AFB 


5.  NAME  OF  DRILLER 

J.  Oglesby/R.Hooten 

7.  SIZE  AND  TYPES  OF  DRILLING 
AND  SAMPLING  EQUIPMENT 


2  in.  O.D.  High  Carbon  Steel 
Split  Spoons _ 


2.  DRILLING  SUBCONTRACTOR 

Law  Engineering  _ 

4.  LOCATION  (CITY,  STATE) 

Myrtle  Beach,  SC 


6.  MANUFACTURERS  DESIGNATION  OF  DRILL 

CME  -.5-5 _ 

0.  HOLE  LOCATION  (SITE) 

MOGAS  Area 


10.  SURFACE  ELEVATION 

25.457 


SHEET  1 

OF  3  SHEETS 


13.  OVERBURDEN  THICKNESS 

N/A 


14.  DEPTH  DRILLED  INTO  ROCK 

N/A 


15.  TOTAL  DEPTH  OF  HOLE 

17  ft. _ 

19.  GEOTECHNICAL  SAMPLES  (#) 

N/A 


21.  SAMPLES  FOR  CHEMICAL  ANALYSIS 
None 


23.  DISPOSITION  OF  HOLE 

Monitoring  Well 


25.  CHECKED  BY: 

Kevin  Prochaska 


DISTURBED 

X 


11.  DATE  STARTED  12.  DATE  COMPLETED 

3/9/94  _  3/9/94 _ _ 

16.  DEPTH  GROUNDWATER  ENCOUNTERED 

9.56  fL  3/12/94  _ _ 


17.  DEPTH  TO  WATER  AND  ELAPSED  TIME  AFTER  DRILLING  COMPLETED 


18.  OTHER  WATER  LEVEL  MEASUREMENTS  (SPECIFY) 

UNDISTURBED  20.  TOTAL  NUMBER  OF  CORE  BOXES 

—  N/A  _ _ 


METALS  I  OTHER  (SPECIFY)  I  OTHER  (SPECIFY)  OTHER  (SPECIFY)  22.  TOTAL  CORE 
i  i  - — - 1 -  npcnvFRY*/- 


RECOVERYV. 

N/A 


BACKFILLED  | MONITORING  WELL]  OTHER  (SPECIFY)  |  24.  SIGNATURE  OF  INSPECTOR 


DESCRIPTION  OF  MATERIALS 
c 


Asphalt  -  0.5  ft. 


Dark  yellowish  brown  (10YR  3/4)  10 

fine  to  medium  SAND;  dry  (SP/SC)  (Cuttings) 


Very  loose  mottled  olive  gray  (5Y  5/2)  to  olive 
yellow  (2.5Y  6/6)  fine  SAND,  little  clay;  damp 

(SC) 


1.6  (80%) 


PROJECT  NAME  &  NO. 


Myrtle  Beach  AFB  —  11-0667.83 


HF  —  Rev.  t 


HTW  DRILLING  LOG 


HTW  DRILLING  LOG 


HOLE  No. 

MW-01 


PROJECT 

Myrtle  Beach  AFB 


INSPECTOR 

Stephen  Bouton 


SHEET  3 
OF  3  SHEETS 


ELEV. 

a 


DEPTH 

b 


DESCRIPTION  OF  MATERIALS 
c 


FIELD  SCREENING 
RESULTS  (ppm) 
d 


GEOTECH  SAMPLE 
OR  CORE  BOX  No. 

9 


ANALYTICAL 
SAMPLE  No. 
I 


BLOW 

COUNTS 

9 


RECOVERY 

(FEET) 

h 


14.0 


15.0- 


SAA,  except  trace  clay 


(SC) 


4,3,1, 1 


1.0(50%) 


16.0 - 


17.0- 


TOTAL  DEPTH  =17  ft. 


18.0“ 


19.0- 


20.0- 


21.0- 


22.0- 


23.0  H 


MRK  jun  89  55-2 


PROJECT  NAME  A  NO. 

Myrtle  Beach  AFB  —  11-0667.83 


HOLE  No. 

MW-01 


HF  —  Rev.  4/94 


HTW  DRILLING  LOG 

HOLE  No. 

MW-02 

1.  COMPANY  NAME 

Law  Environmental,  Inc. 

2.  DRILLING  SUBCON* 

Law  Engineerin 

rRAcrroR 

a _ 

SHEET  1 

OF  3  SHEETS 

3.  PROJECT 

Myrtle  Beach  AFB 

4.  LOCA 

Myr 

TION  (CITY.  STATE) 
tie  Beach,  SC 

Robert  Banks _ 

7.  SIZE  AND  TYPES  OF  DRILLING' 
AND  SAMPLING  EQUIPMENT  - 


2  in.  O.D.  High  Carbon  Steel 
Split  Spoons 


9.  HOLE  LOCATION  (SITE) 

MOGAS  Area 


10.  SURFACE  ELEVATION 

25.95 


11.  DATE  STARTED 


12.  DATE  COMPLETED 


m 


13.  OVERBURDEN  THICKNESS 

N/A 


14.  DEPTH  DRILLED  INTO  ROCK 

N/A 


15.  TOTAL  DEPTH  OF  HOLE 

17.5  ft. 


19.  GEOTECHNICAL  SAMPLES  (#) 
3 


3/26/94 _ 1  3/26/94 

16.  DEPTH  GROUNDWATER  ENCOUNTERED 


17.  DEPTH  TO  WATER  AND  ELAPSED  TIME  AFTER  DRILLING  COMPLETED 


18.  OTHER  WATER  LEVEL  MEASUREMENTS  (SPECIFY) 


DISTURBED 

X 


21.  SAMPLES  FOR  CHEMICAL  ANALYSIS 

VOC 

METALS 

N/A 

- 

- 

23.  DISPOSITION  OF  HOLE 

BACKFILLED 

MONITORING  WELL 

Monitoring  Well 

- 

X 

25.  CHECKED  BY: 

Kevin  Prochaska 

UNDISTURBED  20.  TOTAL  NUMBER  OF  CORE  BOXES 

N/A 


OTHER  (SPECIFY)  OTHER  (SPECIFY)  OTHER  (SPECIFY)  22.  TOTAL  CORE 
- RECOVERY0/* 


26.  NAME  OF  INSPECTOR 

Edward  Dolan 


ELEV.  DEPTH 

a  b 


DESCRIPTION  OF  MATERIALS 
C 


FIELD  SCREENING  GEOTECH  SAMPLE  ANALYTICAL 
RESULTS  (ppm)  OR  CORE  BOX  No.  SAMPLE  No. 
d  e  f 


RECOVERY 

(FEET) 

h 


Asphalt  =  0.5  ft.  Top  of  Soil  =  0  ft. 

Reddish  brown  (SYR  4/4)  fine 

SAND,  some  clay;  dry  (fill)  (SC) 


Black  (SYR  2.5/1)  fine  SAND,  trace 
clay,  trace  medium  sand;  slight 
petroleum  odor  (fill)  (SP/SC) 


Gray  (SYR  6/1)  fine  SAND,  trace  clay; 
dry,  with  shells  (fill)  (SP-SP/SC) 


ery  dark  gray  (SYR  4/1)  fine 

AND,  trace  clay  (fill)  (SP/SC) 


RK  F0RM  55 

nrv  JUN89 


PROJECT  NAME  &  NO. 

Myrtle  Beach  AFB  —  11-0667.83 


HOLE  No. 

MW-02 


HF  —  Rev.  4/94 


■ 

4 

j 

4 

i 

4 

4 


HTW  DRILLING  LOG 


PROJECT 

Myrtle  Beach  AFB 


INSPECTOR 


HOLE  No. 

MW-  02 


SHEET  3 
OF  3  SHEETS 


ELEV. 

a 


DEPTH 
b 


DESCRIPTION  OF  MATERIALS 
c 


FIELD  SCREENING 
RESULTS  (ppm) 
d 


GEOTECH  SAMPLE 
OR  CORE  BOX  No. 


ANALYTICAL 
SAMPLE  No. 
I 


BLOW 

COUNTS 

g 


RECOVERY 

(FEET) 

h 


14.0  J 


15.0- 


Loose  gray  (N5/)  medium  SAND,  trace 
clay;  wet  (SP-SP/SC) 


16.0' 


17.0- 


TOTAL  DEPTH  =  17.5  ft. 


18.0- 


19.0- 


20.0- 


project  name  <&  NO. 

Myrtle  Beach  AFB  —  11-0667.83 


Geotech 

Sample 


HOLE  no. 

MW-  02 


HF— Rev.  4/94 


APPENDIX  B 


RISK-BASED  INVESTIGATION 
ANALYTICAL  DATA 


APPENCOV.DOC 


LIST  OF  TABLES  -APPENDIX  B 


B.l  Soil  Data  for  Volatile  Organic  Compounds 
B.2  Soil  Data  for  Semivolatile  Organic  Compounds 
B.3  Soil  Data  for  Other  Analyses 
B.4  Soil  Gas  Data 

B.5  Groundwater  Data  for  Volatile  Organic  Compounds  and  Fuel  Carbon, 
January  1995 

B.6  Groundwater  Data  for  Volatile  Organic  Compounds,  August/September  1995 

B.7  Groundwater  Data  for  Acids  and  Phenols,  January  1995 

B.8  Groundwater  Data  for  Semivolatile  Organic  Compounds,  August/September 
1995 

B.9  Groundwater  Data  for  Geochemical  Indicators,  January  1995 

B.10  Groundwater  Data  for  Geochemical  Indicators,  August/September  1995 

B.ll  Field  Groundwater  Data  for  Geochemical  Indicators,  January  and 
August/September  1995 

B.12  Groundwater  Data  for  Metals,  January  1995 

B.13  Groundwater  Data  for  Other  Analyses,  August/September  1995 

B.14  Surface  Water  Data,  August/September  1995 

B.15  Sediment  Data,  August/September  1995 

B.16  Detected  Compounds  in  QC  Samples,  August/September  1995 
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TABLE  B.l 

SOIL  DATA  FOR  VOLATILE  ORGANIC  COMPOUNDS 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Sample  Interval 
(ft  bgs:  begin-end) 

Analyte 

Result 

Units 

Analytical 

Method 

AS-01-01 

9-Aug-95 

4  -6 

1,2,3,4-Tetramethylbenzene 

7200 

ug/kg 

SW8020 

AS-01-01 

9-Aug-95 

4  -6 

1 ,2,3-Trimethylbenzene 

940 

ug/kg 

SW8020 

AS-01-01 

9-Aug-95 

4  -6 

1,2,4-Trimethylbenzene 

25000  E 

ug/kg 

SW8020 

AS-01-01 

9-Aug-95 

4  -  6 

1,3,5-Trimethylbenzene 

5600 

ug/kg 

SW8020 

AS-01-01 

9-Aug-95 

4  -6 

Benzene 

12  J 

ug/kg 

SW8020 

AS-01-01 

9-Aug-95 

4  -6 

Chlorobenzene 

39 

ug/kg 

SW8020 

AS-01-01 

9-Aug-95 

4  -  6 

Ethylbenzene 

1100 

ug/kg 

SW8020 

AS-01-01 

9-Aug-95 

4  -6 

Toluene 

27 

ug/kg 

SW8020 

AS-01-01 

9- Aug-9  5 

4  -6 

Xylene  (total) 

1800 

ug/kg 

SW8020 

AS-01-02 

9-Aug-95 

6  -8 

1,2,3,4-Tetramethylbenzene 

11 

ug/kg 

SW8020 

AS-01-02 

9-Aug-95 

6  -  8 

1,2,3-Trimethylbenzene 

6.9 

ug/kg 

SW8020 

AS-01-02 

9-Aug-95 

6  -  8 

1,2,4-Trimethylbenzene 

14 

ug/kg 

SW8020 

AS-01-02 

9-Aug-95 

6  -  8 

1,3,5-Trimethylbenzene 

3  J 

ug/kg 

SW8020 

AS-01-02 

9-Aug-95 

6  -  8 

Benzene 

4.8  U 

ug/kg 

SW8020 

AS-01-02 

9-Aug-95 

6  -  8 

Chlorobenzene 

0.9  J 

ug/kg 

SW8020 

AS-01-02 

9-Aug-95 

6  -8 

Ethylbenzene 

1.4  J 

ug/kg 

SW8020 

AS-01-02 

9-Aug-95 

6  -  8 

Toluene 

1.6  J 

ug/kg 

SW8020 

AS-01-02 

9-Aug-95 

6  -  8 

Xylene  (total) 

6.2 

ug/kg 

SW8020 

AS-01-03 

9-Aug-95 

12  -  14 

1,2,3,4-Tetramethylbenzene 

5.6  U 

ug/kg 

SW8020 

AS-01-03 

9-Aug-95 

12  -  14 

1,2,3  -Trimethylbenzene 

5.6  U 

ug/kg 

SW8020 

AS-01-03 

9-Aug-95 

12  -  14 

1 ,2,4-Trimethylbenzene 

5.6  U 

ug/kg 

SW8020 

AS-01-03 

9-Aug-95 

12  -  14 

1 ,3,5-Trimethylbenzene 

5.6  U 

ug/kg 

SW8020 

AS-01-03 

9-Aug-95 

12  -  14 

Benzene 

3.2  J 

ug/kg 

SW8020 

AS-01-03 

9-Aug-95 

12  -  14 

Chlorobenzene 

5.6  U 

ug/kg 

SW8020 

AS-01-03 

9-Aug-95 

12  -  14 

Ethylbenzene 

1.1  J 

ug/kg 

SW8020 

AS-01-03 

9-Aug-95 

12  -  14 

Toluene 

4.5  J 

ug/kg 

SW8020 

AS-01-03 

9- Aug-9  5 

12  -  14 

Xylene  (total) 

3.6  J 

ug/kg 

SW8020 

AS-02-01 

10-Aug-95 

3  -  5 

1,2,3 ,4-Tetramethylbenzene 

4.8  U 

ug/kg 

SW8020 

AS-02-01 

10-Aug-95 

3  -  5 

1,2,3  -Trimethylbenzene 

4.8  U 

ug/kg 

SW8020 

AS-02-01 

10- Aug-95 

3  -  5 

1,2,4-Trimethylbenzene 

4.8  U 

ug/kg 

SW8020 

AS-02-01 

10-Aug-95 

3  -  5 

1 ,3 ,5-T  rimethylbenzene 

4.8  U 

ug/kg 

SW8020 

AS-02-01 

10-Aug-95 

3  -  5 

Benzene 

6.7 

ug/kg 

SW8020 

AS-02-01 

10- Aug-9  5 

3  -  5 

Chlorobenzene 

4.8  U 

ug/kg 

SW8020 

AS-02-01 

10-Aug-95 

3  -  5 

Ethylbenzene 

4.8  U 

ug/kg 

SW8020 

AS-02-01 

10- Aug-95 

3  -  5 

Toluene 

4.8  U 

ug/kg 

SW8020 

AS-02-01 

10-Aug-95 

3  -  5 

Xylene  (total) 

1.7  J 

ug/kg 

SW8020 

AS-02-02 

10-Aug-95 

10  -  12 

1 ,2,3 ,4-Tetramethylbenzene 

4.8  U 

ug/kg 

SW8020 

AS-02-02 

10-Aug-95 

10  -  12 

1 ,2,3  -T  rimethylbenzene 

4.8  U 

ug/kg 

SW8020 

AS-02-02 

10-Aug-95 

10  -  12 

1,2,4-Trimethylbenzene 

4.8  U 

ug/kg 

SW8020 

AS-02-02 

10-Aug-95 

10  -  12 

1,3,5-Trimethylbenzene 

4.8  U 

ug/kg 

SW8020 

AS-02-02 

10-Aug-95 

10  -  12 

Benzene 

4.8  U 

ug/kg 

SW8020 

AS-02-02 

10-Aug-95 

10  -  12 

Chlorobenzene 

4.8  U 

ug/kg 

SW8020 
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Sample 

Location 

Sample  Sample  Interval 

Date  (ftbgs:  begin-end) 

Analyte 

Result 

Units 

Analytical 

Method 

AS-02-02 

10-Aug-95 

10  -  12 

Ethylbenzene 

4.8  U 

ug/kg 

SW8020 

AS-02-02 

10-Aug-95 

10  -  12 

Toluene 

1.2  J 

ug/kg 

SW8020 

AS-02-02 

10-Aug-95 

10  -  12 

Xylene  (total) 

4.8  U 

ug/kg 

SW8020 

MW-06-01 

8-Aug-95 

7  -  9 

1,2,3 ,4  -Tetramethy  lbenzene 

4.8  U 

ug/kg 

SW8020 

MW-06-01 

8-Aug-95 

7  -  9 

1 ,2,3  -T  rimethylbenzene 

1.2  J 

ug/kg 

SW8020 

MW-06-01 

8-Aug-95 

7  -  9 

1,2,4-Trimethylbenzene 

2.7  J 

ug/kg 

SW8020 

MW-06-01 

8-Aug-95 

7  -  9 

1 , 3 , 5  -T  rimethylbenzene 

2  J 

ug/kg 

SW8020 

MW-06-01 

8-Aug-95 

7  -  9 

Benzene 

16 

ug/kg 

SW8020 

MW-06-01 

8-Aug-95 

7  -  9 

Chlorobenzene 

2.7  J 

ug/kg 

SW8020 

MW-06-01 

8-Aug-95 

7  -  9 

Ethylbenzene 

10 

ug/kg 

SW8020 

MW-06-01 

8-Aug-95 

7  -  9 

Toluene 

3.8  J 

ug/kg 

SW8020 

MW-06-01 

8-Aug-95 

7  -  9 

Xylene  (total) 

16 

ug/kg 

SW8020 

MW-06-02 

8-Aug-95 

15  -  17 

1,2,3,4-Tetramethylbenzene 

4.9  U 

ug/kg 

SW8020 

MW-06-02 

8-Aug-95 

15  -  17 

1,2,3-Trimethylbenzene 

0.8  J 

ug/kg 

SW8020 

MW-06-02 

8-Aug-95 

15  -  17 

1 ,2 , 4  -T  rimethylbenzene 

0.9  J 

ug/kg 

SW8020 

MW-06-02 

8-Aug-95 

15  -  17 

1,3,5-Trimethylbenzene 

0.7  J 

ug/kg 

SW8020 

MW-06-02 

8-Aug-95 

15  -  17 

Benzene 

5.4 

ug/kg 

SW8020 

MW-06-02 

8-Aug-95 

15  -  17 

Chlorobenzene 

4.9  U 

ug/kg 

SW8020 

MW-06-02 

8-Aug-95 

15  -  17 

Ethylbenzene 

1.1  J 

ug/kg 

SW8020 

MW-06-02 

8-Aug-95 

15  -  17 

Toluene 

9.1 

ug/kg 

SW8020 

MW-06-02 

8-Aug-95 

15  -  17 

Xylene  (total) 

4.1  J 

ug/kg 

SW8020 

MW-07-01 

8-Aug-95 

7  -  9 

1,2,3,4-Tetramethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-07-01 

8-Aug-95 

7  -9 

1 ,2 , 3  -T  rimethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-07-01 

8-Aug-95 

7  -  9 

1 ,2,4-T  rimethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-07-01 

8-Aug-95 

7  -9 

1,3,5-Trimethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-07-01 

8-Aug-95 

7  -  9 

Benzene 

4.8  U 

ug/kg 

SW8020 

MW-07-01 

8-Aug-95 

7  -  9 

Chlorobenzene 

4.8  U 

ug/kg 

SW8020 

MW-07-01 

8-Aug-95 

7  -  9 

Ethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-07-01 

8-Aug-95 

7  -  9 

Toluene 

4.8  U 

ug/kg 

SW8020 

MW-07-01 

8-Aug-95 

7  -9 

Xylene  (total) 

1.1  J 

ug/kg 

SW8020 

MW-07-02 

8-Aug-95 

9  -  11 

1,2,3,4-Tetramethylbenzene 

5  U 

ug/kg 

SW8020 

MW-07-02 

8-Aug-95 

9  -  11 

1 , 2 , 3  -T  rimethylbenzene 

5  U 

ug/kg 

SW8020 

MW-07-02 

8-Aug-95 

9  -  11 

1,2,4-Trimethylbenzene 

1  J 

ug/kg 

SW8020 

MW-07-02 

8-Aug-95 

9  -  11 

1,3,5-Trimethylbenzene 

5  U 

ug/kg 

SW8020 

MW-07-02 

8-Aug-95 

9  -  11 

Benzene 

5  U 

ug/kg 

SW8020 

MW-07-02 

8-Aug-95 

9  -  11 

Chlorobenzene 

5  U 

ug/kg 

SW8020 

MW-07-02 

8-Aug-95 

9  -  11 

Ethylbenzene 

5  U 

ug/kg 

SW8020 

MW-07-02 

8-Aug-95 

9  -  11 

Toluene 

1.2  J 

ug/kg 

SW8020 

MW-07-02 

8-Aug-95 

9  -  11 

Xylene  (total) 

1.3  J 

ug/kg 

SW8020 

MW-07-03 

8-Aug-95 

16  -  17 

1,2,3,4-Tetramethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW -07-03 

8-Aug-95 

16  -  17 

1 , 2 , 3  -T  rimethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-07-03 

8-Aug-95 

16  -  17 

1,2,4-Trimethylbenzene 

4.8  U 

ug/kg 

SW8020 
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Sample 

Location 

Sample 

Date 

Sample  Interval 
(ft  bgs:  begin-end) 

Analyte 

Result 

Units 

Analytical 

Method 

MW-07-03 

8-Aug-95 

16  -  17 

1 ,3,5-Trimethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-07-03 

8-Aug-95 

16  -  17 

Benzene 

4.8  U 

ug/kg 

SW8020 

MW-07-03 

8-Aug-95 

16  -  17 

Chlorobenzene 

4.8  U 

ug/kg 

SW8020 

MW-07-03 

8-Aug-95 

16  -  17 

Ethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-07-03 

8-Aug-95 

16  -  17 

Toluene 

1.2  J 

ug/kg 

SW8020 

MW-07-03 

8-Aug-95 

16  -  17 

Xylene  (total) 

4.8  U 

ug/kg 

SW8020 

MW-08-01 

8-Aug-95 

7  -  9 

1 ,2,3 ,4-Tetramethylbenzene 

4.9  U 

ug/kg 

SW8020 

MW-08-01 

8-Aug-95 

7  -  9 

1 ,2,3-Trimethylbenzene 

4.9  U 

ug/kg 

SW8020 

MW-08-01 

8-Aug-95 

7  -  9 

1 ,2,4-Trimethylbenzene 

4.9  U 

ug/kg 

SW8020 

MW-08-01 

8-Aug-95 

7  -  9 

1,3,5  -Trimethylbenzene 

4.9  U 

ug/kg 

SW8020 

MW-08-01 

8-Aug-95 

7  -  9 

Benzene 

4.9  U 

ug/kg 

SW8020 

MW-08-01 

8-Aug-95 

7  -  9 

Chlorobenzene 

4.9  U 

ug/kg 

SW8020 

MW-08-01 

8-Aug-95 

7  -  9 

Ethylbenzene 

4.9  U 

ug/kg 

SW8020 

MW-08-01 

8-Aug-95 

7  -9 

Toluene 

4.9  U 

ug/kg 

SW8020 

MW-08-01 

8»  Aug-9  5 

7  -  9 

Xylene  (total) 

1  J 

ug/kg 

SW8020 

MW-08-02 

8-Aug-95 

11  -  13 

1,2,3,4-Tetramethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-08-02 

8- Aug-9  5 

11  -  13 

1,2,3-Trimethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-08-02 

8-Aug-95 

11  -  13 

1 ,2,4-Trimethylbenzene 

1.9  J 

ug/kg 

SW8020 

MW-08-02 

8-Aug-95 

11  -  13 

1 ,3,5-Trimethylbenzene 

0.9  J 

ug/kg 

SW8020 

MW-08-02 

8-Aug-95 

11  -  13 

Benzene 

0.8  J 

ug/kg 

SW8020 

MW-08-02 

8-Aug-95 

11  -  13 

Chlorobenzene 

4.8  U 

ug/kg 

SW8020 

MW-08-02 

8-Aug-95 

11  -  13 

Ethylbenzene 

0.6  J 

ug/kg 

SW8020 

MW-08-02 

8-Aug-95 

11  -  13 

Toluene 

2.8  J 

ug/kg 

SW8020 

MW-08-02 

8-Aug-95 

11  -  13 

Xylene  (total) 

2.6  J 

ug/kg 

SW8020 

MW-08-03 

8-Aug-95 

17  -  19 

1 ,2,3,4-Tetramethylbenzene 

7.6  U 

ug/kg 

SW8020 

MW-08-03 

8-Aug-95 

17  -  19 

1,2,3-Trimethylbenzene 

7.6  U 

ug/kg 

SW8020 

MW-08-03 

8-Aug-95 

17  -  19 

1 ,2,4-Trimethylbenzene 

7.6  U 

ug/kg 

SW8020 

MW-08-03 

8-Aug-95 

17  -  19 

1 ,3 ,5-Trimethylbenzene 

7.6  U 

ug/kg 

SW8020 

MW-08-03 

8-Aug-95 

17  -  19 

Benzene 

7.6  U 

ug/kg 

SW8020 

MW-08-03 

8-Aug-95 

17  -  19 

Chlorobenzene 

7.6  U 

ug/kg 

SW8020 

MW-08-03 

8-Aug-95 

17  -  19 

Ethylbenzene 

7.6  U 

ug/kg 

SW8020 

MW-08-03 

8- Aug-95 

17  -  19 

Toluene 

7.6  U 

ug/kg 

SW8020 

MW-08-03 

8-Aug-95 

17  -  19 

Xylene  (total) 

7.6  U 

ug/kg 

SW8020 

MW-08-04 

8-Aug-95 

29  -  31 

1,2,3 ,4-Tetramethylbenzene 

5.8  U 

ug/kg 

SW8020 

MW-08-04 

8-Aug-95 

29  -  31 

1 ,2,3-T  rimethylbenzene 

5.8  U 

ug/kg 

SW8020 

MW-08-04 

8- Aug-9  5 

29  -  31 

1 ,2,4-Trimethylbenzene 

5.8  U 

ug/kg 

SW8020 

MW-08-04 

8-Aug-95 

29  -  31 

1 ,3,5-Trimethylbenzene 

5.8  U 

ug/kg 

SW8020 

MW-08-04 

8-Aug-95 

29  -  31 

Benzene 

4.9  J 

ug/kg 

SW8020 

MW-08-04 

8- Aug-9  5 

29  -  31 

Chlorobenzene 

5.8  U 

ug/kg 

SW8020 

MW-08-04 

8-Aug-95 

29  -  31 

Ethylbenzene 

1  J 

ug/kg 

SW8020 

MW-08-04 

8-Aug-95 

29  -  31 

TEH  as  Jet  Fuel 

15  U 

ug/kg 

M8015 

MW-08-04 

8-Aug-95 

29  -  31 

Toluene 

5.3  J 

ug/kg 

SW8020 

MW-08-04 

8-Aug-95 

29  -  31 

TVH  as  Gasoline 

0.3 

ug/kg 

M8015 
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Sample 

Location 

Sample  Sample  Interval 

Date  (ft  bgs:  begin-end) 

Analyte 

Result 

Units 

Analytical 

Method 

MW-08-04 

8-Aug-95 

29  -31 

Xylene  (total) 

1.9  J 

ug/kg 

SW8020 

MW-10-01 

8-Aug-95 

7  -  9 

1,2,3,4-Tetramethylbenzene 

4.9  U 

ug/kg 

SW8020 

MW-10-01 

8 -Aug-95 

7  -  9 

1 , 2 , 3  -T  rimethy  lbenzene 

4.9  U 

ug/kg 

SW8020 

MW-10-01 

8-Aug-95 

7  -9 

1 , 2 , 4  -T  rimethy  lbenzene 

4.9  U 

ug/kg 

SW8020 

MW-10-01 

8-Aug-95 

7  -  9 

1 ,3 , 5 -Trimethy  lbenzene 

4.9  U 

ug/kg 

SW8020 

MW-10-01 

8-Aug-95 

7  -  9 

Benzene 

2.3  J 

ug/kg 

SW8020 

MW-10-01 

8-Aug-95 

7  -  9 

Chlorobenzene 

4.9  U 

ug/kg 

SW8020 

MW-10-01 

8-Aug-95 

7  -9 

Ethylbenzene 

4.9  U 

ug/kg 

SW8020 

MW-10-01 

8-Aug-95 

7  -  9 

TEH  as  Jet  Fuel 

12  U 

ug/kg 

M8015 

MW-10-01 

8-Aug-95 

7  -  9 

Toluene 

1.7  J 

ug/kg 

SW8020 

MW-10-01 

8-Aug-95 

7  -9 

TVH  as  Gasoline 

0.3 

ug/kg 

M8015 

MW-10-01 

8-Aug-95 

7  -  9 

Xylene  (total) 

1.1  J 

ug/kg 

SW8020 

MW-10-02 

8-Aug-95 

11  -  13 

1,2,3,4-Tetramethylbenzene 

5  U 

ug/kg 

SW8020 

MW-10-02 

8-Aug-95 

11  -  13 

1 , 2 , 3  -T  rimethy  lbenzene 

5  U 

ug/kg 

SW8020 

MW-10-02 

8-Aug-95 

11  -  13 

1,2,4-Trimethylbenzene 

5  U 

ug/kg 

SW8020 

MW-10-02 

8 -Aug-95 

11  -  13 

1 , 3 , 5  -T  rime  thylbenzene 

5  U 

ug/kg 

SW8020 

MW-10-02 

8-Aug-95 

11  -  13 

Benzene 

1.5  J 

ug/kg 

SW8020 

MW-10-02 

8-Aug-95 

11  -  13 

Chlorobenzene 

5  U 

ug/kg 

SW8020 

MW-10-02 

8-Aug-95 

11  -  13 

Ethylbenzene 

5  U 

ug/kg 

SW8020 

MW-10-02 

8-Aug-95 

11  -  13 

TEH  as  Jet  Fuel 

12  U 

ug/kg 

M8015 

MW-10-02 

8-Aug-95 

11  -  13 

Toluene 

1.3  J 

ug/kg 

SW8020 

MW-10-02 

8-Aug-95 

11  -  13 

TVH  as  Gasoline 

0.1  U 

ug/kg 

M8015 

MW-10-02 

8-Aug-95 

11  -  13 

Xylene  (total) 

1  J 

ug/kg 

SW8020 

MW- 10-03 

8-Aug-95 

15  -  17 

1,2,3,4-Tetramethylbenzene 

2.2  J 

ug/kg 

SW8020 

MW-10-03 

8-Aug-95 

15  -  17 

1 , 2 , 3 -Trimethy  lbenzene 

1  J 

ug/kg 

SW8020 

MW-10-03 

8-Aug-95 

15  -  17 

1,2,4-Trimethylbenzene 

0.7  J 

ug/kg 

SW8020 

MW-10-03 

8-Aug-95 

15  -  17 

1 , 3 , 5  -T  rimethy  lbenzene 

4.8  U 

ug/kg 

SW8020 

MW-10-03 

8-Aug-95 

15  -  17 

Benzene 

2.6  J 

ug/kg 

SW8020 

MW-10-03 

8-Aug-95 

15  -  17 

Chlorobenzene 

4.8  U 

ug/kg 

SW8020 

MW-10-03 

8-Aug-95 

15  -  17 

Ethylbenzene 

1.3  J 

ug/kg 

SW8020 

MW-10-03 

8-Aug-95 

15  -  17 

TEH  as  Jet  Fuel 

12  U 

ug/kg 

M8015 

MW-10-03 

8-Aug-95 

15  -  17 

Toluene 

3.2  J 

ug/kg 

SW8020 

MW-10-03 

8-Aug-95 

15  -  17 

TVH  as  Gasoline 

0.1  U 

ug/kg 

M8015 

MW-10-03 

8-Aug-95 

15  -  17 

Xylene  (total) 

3.9  J 

ug/kg 

SW8020 

MW-11-01 

9-Aug-95 

7  -  9 

1 , 2 , 3 , 4  -T  etrame  thylbe  nzene 

4.9  U 

ug/kg 

SW8020 

MW-11-01 

9-Aug-95 

7  -  9 

1 , 2 , 3  -T  rimethy  lbenzene 

4.9  U 

ug/kg 

SW8020 

MW-11-01 

9-Aug-95 

7  -  9 

1,2,4-Trimethylbenzene 

4.9  U 

ug/kg 

SW8020 

MW-11-01 

9 -Aug-95 

7  -  9 

1,3,5-Trimethylbenzene 

4.9  U 

ug/kg 

SW8020 

MW-11-01 

9-Aug-95 

7  -  9 

Benzene 

0.8  J 

ug/kg 

SW8020 

MW-11-01 

9-Aug-95 

7  -  9 

Chlorobenzene 

4.9  U 

ug/kg 

SW8020 

MW-11-01 

9-Aug-95 

7  -  9 

Ethylbenzene 

4.9  U 

ug/kg 

SW8020 

MW-11-01 

9-Aug-95 

7  -  9 

Toluene 

1.8  J 

ug/kg 

SW8020 

MW-11-01 

9-Aug-95 

7  -  9 

Xylene  (total) 

0.5  J 

ug/kg 

SW8020 
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Sample 

Location 

Sample  Sample  Interval 
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Analyte 

Result 

Units 

Analytical 

Method 

MW-ll-02 

9-Aug-95 

13  -  15 

1 ,2,3,4-Tetramethylbenzene 

6.3  U 

ug/kg 

SW8020 

MW-11-02 

9-Aug-95 

13  -  15 

1 ,  2 , 3  -T  rimethylbenzene 

6.3  U 

ug/kg 

SW8020 

MW-ll-02 

9-Aug-95 

13  -  15 

1 ,2,4-Trimethylbenzene 

6.3  U 

ug/kg 

SW8020 

MW-11-02 

9-Aug-95 

13  -  15 

1 , 3 , 5  -T  rimethylbenzene 

6.3  U 

ug/kg 

SW8020 

MW-ll-02 

9-Aug-95 

13  -  15 

Benzene 

2.2  J 

ug/kg 

SW8020 

MW-11-02 

9-Aug-95 

13  -  15 

Chlorobenzene 

6.3  U 

ug/kg 

SW8020 

MW-11-02 

9-Aug-95 

13  -  15 

Ethylbenzene 

6.3  U 

ug/kg 

SW8020 

MW-11-02 

9-Aug-95 

13  -  15 

Toluene 

3.8  J 

ug/kg 

SW8020 

MW-11-02 

9-Aug-95 

13  -  15 

Xylene  (total) 

0.8  J 

ug/kg 

SW8020 

MW-12-01 

9-Aug-95 

7  -  9 

1 ,2,3,4-Tetramethylbenzene 

4.9  U 

ug/kg 

SW8020 

MW-12-01 

9-Aug-95 

7  -  9 

1 ,2,3-Trimethylbenzene 

4.9  U 

ug/kg 

SW8020 

MW-12-01 

9-Aug-95 

7  -  9 

1 ,2,4-Trimethylbenzene 

4.9  U 

ug/kg 

SW8020 

MW-12-01 

9-Aug-95 

7  -9 

1 ,3 ,5-Trimethylbenzene 

1.5  J 

ug/kg 

SW8020 

MW-12-01 

9-Aug-95 

7  -  9 

Benzene 

4.9  U 

ug/kg 

SW8020 

MW-12-01 

9-Aug-95 

7  -  9 

Chlorobenzene 

4.9  U 

ug/kg 

SW8020 

MW-12-01 

9-Aug-95 

7  -9 

Ethylbenzene 

4.9  U 

ug/kg 

SW8020 

MW-12-01 

9-Aug-95 

7  -  9 

Toluene 

1.3  J 

ug/kg 

SW8020 

MW-12-01 

9- Aug-9  5 

7  -  9 

Xylene  (total) 

1.4  J 

ug/kg 

SW8020 

MW- 12-02 

9-Aug-95 

11  -  13 

1 ,2,3 ,4-Tetramethylbenzene 

5  U 

ug/kg 

SW8020 

MW-12-02 

9-Aug-95 

11  -  13 

1 ,2,3  -Trimethylbenzene 

5  U 

ug/kg 

SW8020 

MW-12-02 

9-Aug-95 

11  -  13 

1 ,2,4-Trimethylbenzene 

5  U 

ug/kg 

SW8020 

MW-12-02 

9-Aug-95 

11  -  13 

1 ,3,5-Trimethylbenzene 

5  U 

ug/kg 

SW8020 

MW-12-02 

9- Aug-9  5 

11  -  13 

Benzene 

5  U 

ug/kg 

SW8020 

MW-12-02 

9-Aug-95 

11  -  13 

Chlorobenzene 

5  U 

ug/kg 

SW8020 

MW-12-02 

9-Aug-95 

11  -  13 

Ethylbenzene 

5  U 

ug/kg 

SW8020 

MW-12-02 

9- Aug-9  5 

11  -  13 

Toluene 

0.9  J 

ug/kg 

SW8020 

MW-12-02 

9-Aug-95 

11  -  13 

Xylene  (total) 

5  U 

ug/kg 

SW8020 

MW-12-03 

9-Aug-95 

19  -21 

1 ,2,3,4-Tetramethylbenzene 

6.4  U 

ug/kg 

SW8020 

MW-12-03 

9-Aug-95 

19  -21 

1 ,2,3-Trimethylbenzene 

6.4  U 

ug/kg 

SW8020 

MW-12-03 

9-Aug-95 

19  -  21 

1 ,2,4-Trimethylbenzene 

6.4  U 

ug/kg 

SW8020 

MW-12-03 

9-Aug-95 

19  -21 

1 ,3 ,5-Trimethylbenzene 

6.4  U 

ug/kg 

SW8020 

MW-12-03 

9- Aug-9  5 

19  -  21 

Benzene 

1.2  J 

ug/kg 

SW8020 

MW-12-03 

9-Aug-95 

19  -  21 

Chlorobenzene 

6.4  U 

ug/kg 

SW8020 

MW-12-03 

9-Aug-95 

19  -21 

Ethylbenzene 

6.4  U 

ug/kg 

SW8020 

MW-12-03 

9-Aug-95 

19  -  21 

Toluene 

3.3  J 

ug/kg 

SW8020 

MW-12-03 

9-Aug-95 

19  -  21 

Xylene  (total) 

1  J 

ug/kg 

SW8020 

MW-12-04 

9-Aug-95 

31  -  33 

1 ,2,3 ,4-Tetramethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-12-04 

9-Aug-95 

31  -  33 

1 ,2,3  -T  rimethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-12-04 

9-Aug-95 

31  -  33 

1 ,2,4-Trimethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-12-04 

9-Aug-95 

31  -  33 

1 , 3 , 5  -T  rimethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-12-04 

9-Aug-95 

31  -  33 

Benzene 

4.8  U 

ug/kg 

SW8020 

MW-12-04 

9-Aug-95 

31  -  33 

Chlorobenzene 

4.8  U 

ug/kg 

SW8020 
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Sample 

Location 

Sample  Sample  Interval 
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Units 

Analytical 
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MW- 12-04 

9-Aug-95 

31  -  33 

Ethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-12-04 

9-Aug-95 

31  -33 

Toluene 

1.5  J 

ug/kg 

SW8020 

MW-12-04 

9-Aug-95 

31  -  33 

Xylene  (total) 

1.3  J 

ug/kg 

SW8020 

MW-14-01 

10- Aug-95 

5  -7 

1 , 2 , 3 , 4  -T  e  tramethy  lbenze  ne 

4.8  U 

ug/kg 

SW8020 

MW-14-01 

10-Aug-95 

5  -7 

1,2,3-Trimethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-14-01 

10-Aug-95 

5  -7 

1 , 2,4-T  rimethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-14-01 

10- Aug-9  5 

5  -7 

1 , 3 , 5  -T  rimethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-14-01 

10-Aug-95 

5  -7 

Benzene 

4.8  U 

ug/kg 

SW8020 

MW-14-01 

10-Aug-95 

5  -7 

Chlorobenzene 

4.8  U 

ug/kg 

SW8020 

MW-14-01 

10-Aug-95 

5  -7 

Ethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-14-01 

10-Aug-95 

5  -7 

Toluene 

4.8  U 

ug/kg 

SW8020 

MW-14-01 

10- Aug-9  5 

5  -7 

Xylene  (total) 

4.8  U 

ug/kg 

SW8020 

MW-14-02 

10-Aug-95 

9  -  11 

1,2,3 ,4-Tetramethylbenzene 

4.7  U 

ug/kg 

SW8020 

MW-14-02 

10- Aug-95 

9  -  11 

1,2,3-Trimethylbenzene 

4.7  U 

ug/kg 

SW8020 

MW-14-02 

10- Aug-95 

9  -  11 

1,2,4-Trimethylbenzene 

4.7  U 

ug/kg 

SW8020 

MW-14-02 

10-Aug-95 

9  -  11 

1,3,5-Trimethylbenzene 

4.7  U 

ug/kg 

SW8020 

MW-14-02 

10- Aug-9  5 

9  -  11 

Benzene 

4.7  U 

ug/kg 

SW8020 

MW-14-02 

10-Aug-95 

9  -  11 

Chlorobenzene 

4.7  U 

ug/kg 

SW8020 

MW-14-02 

10-Aug-95 

9  -  11 

Ethylbenzene 

4.7  U 

ug/kg 

SW8020 

MW-14-02 

10-Aug-95 

9  -  11 

TEH  as  Jet  Fuel 

12  U 

ug/kg 

M8015 

MW-14-02 

10-Aug-95 

9  -  11 

Toluene 

4.7  U 

ug/kg 

SW8020 

MW-14-02 

10-Aug-95 

9  -  11 

TVH  as  Gasoline 

0.1  U 

ug/kg 

M8015 

MW-14-02 

10-Aug-95 

9  -  11 

Xylene  (total) 

4.7  U 

ug/kg 

SW8020 

MW-15-01 

10- Aug-95 

3  -  5 

1,2,3,4-Tetramethylbenzene 

4.7  U 

ug/kg 

SW8020 

MW-15-01 

10- Aug-95 

3  -5 

1,2,3-Trimethylbenzene 

4.7  U 

ug/kg 

SW8020 

MW-15-01 

10- Aug-95 

3  -  5 

1,2,4-Trimethylbenzene 

1.2  J 

ug/kg 

SW8020 

MW-15-01 

10-Aug-95 

3  -  5 

1 , 3 , 5  -Tri  methy  lbenzene 

4.7  U 

ug/kg 

SW8020 

MW-15-01 

10-Aug-95 

3  -  5 

Benzene 

1.1  J 

ug/kg 

SW8020 

MW-15-01 

10-Aug-95 

3  -5 

Chlorobenzene 

4.7  U 

ug/kg 

SW8020 

MW-15-01 

10-Aug-95 

3  -5 

Ethylbenzene 

4.7  U 

ug/kg 

SW8020 

MW-15-01 

10- Aug-95 

3  -5 

Toluene 

3.6  J 

ug/kg 

SW8020 

MW-15-01 

10-Aug-95 

3  -  5 

Xylene  (total) 

1.6  J 

ug/kg 

SW8020 

MW-15-02 

10-Aug-95 

9  -  11 

1,2,3,4-Tetramethylbenzene 

5.9 

ug/kg 

SW8020 

MW-15-02 

10- Aug-95 

9  -  11 

1,2,3-Trimethylbenzene 

1.8  J 

ug/kg 

SW8020 

MW-15-02 

10-Aug-95 

9  -  11 

1 , 2 ,4  -T  rimethylbenzene 

2.7  J 

ug/kg 

SW8020 

MW-15-02 

10-Aug-95 

9  -  11 

1 ,3 ,5-Trimethylbenzene 

1.6  J 

ug/kg 

SW8020 

MW-15-02 

10-Aug-95 

9  -  11 

Benzene 

0.7  J 

ug/kg 

SW8020 

MW-15-02 

10- Aug-95 

9  -  11 

Chlorobenzene 

4.9  U 

ug/kg 

SW8020 

MW-15-02 

10-Aug-95 

9  -  11 

Ethylbenzene 

0.8  J 

ug/kg 

SW8020 

MW-15-02 

10-Aug-95 

9  -  11 

Toluene 

4.3  J 

ug/kg 

SW8020 

MW-15-02 

10-Aug-95 

9  -  11 

Xylene  (total) 

5.9 

ug/kg 

SW8020 

MW- 15-03 

10-Aug-95 

21  -23 

1 ,2,3 ,4-Tetramethylbenzene 

7.5  U 

ug/kg 

SW8020 
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Location 

Sample  Sample  Interval 
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Analyte 

Result 

Units 

Analytical 

Method 

MW-15-03 

10-Aug-95 

21  -23 

1 , 2, 3  -T  rimethylbenzene 

7.5  U 

ug/kg 

SW8020 

MW-15-03 

10-Aug-95 

21  -23 

1 ,2,4-Trimethylbenzene 

7.5  U 

ug/kg 

SW8020 

MW-15-03 

10-Aug-95 

21  -  23 

1 , 3 , 5-T  rimethylbenzene 

7.5  U 

ug/kg 

SW8020 

MW-15-03 

10-Aug-95 

21  -23 

Benzene 

7.5  U 

ug/kg 

SW8020 

MW-15-03 

10-Aug-95 

21  -23 

Chlorobenzene 

7.5  U 

ug/kg 

SW8020 

MW-15-03 

10-Aug-95 

21  -23 

Ethylbenzene 

7.5  U 

ug/kg 

SW8020 

MW-15-03 

10-Aug-95 

21  -  23 

Toluene 

7.5  U 

ug/kg 

SW8020 

MW-15-03 

10-Aug-95 

21  -23 

Xylene  (total) 

7.5  U 

ug/kg 

SW8020 

MW-15-04 

10- Aug-9  5 

33  -  35 

1 ,2,3,4-Tetramethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-15-04 

10-Aug-95 

33  -  35 

1 ,2,3-T  rimethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-15-04 

10-Aug-95 

33  -  35 

1 ,2,4-Trimethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-15-04 

10-Aug-95 

33  -  35 

1 ,3 ,5-Trimethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-15-04 

10-Aug-95 

33  -  35 

Benzene 

4.8  U 

ug/kg 

SW8020 

MW-15-04 

10-Aug-95 

33  -  35 

Chlorobenzene 

4.8  U 

ug/kg 

SW8020 

MW-15-04 

10-Aug-95 

33  -  35 

Ethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-15-04 

10-Aug-95 

33  -35 

TEH  as  Jet  Fuel 

12  U 

ug/kg 

M8015 

MW-15-04 

10-Aug-95 

33  -35 

Toluene 

1.3  J 

ug/kg 

SW8020 

MW-15-04 

10-Aug-95 

33  -  35 

TVH  as  Gasoline 

0.1  U 

ug/kg 

M8015 

MW-15-04 

10-Aug-95 

33  -35 

Xylene  (total) 

4.8  U 

ug/kg 

SW8020 

MW-16-01 

10-Aug-95 

6  -  8 

1,2,3 ,4-Tetramethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-16-01 

10-Aug-95 

6  -  8 

1 ,2,3-T  rimethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-16-01 

10-Aug-95 

6  -  8 

1,2,4-Trimethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-16-01 

10-Aug-95 

6  -8 

1,3,5-Trimethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-16-01 

10- Aug-9  5 

6  -  8 

Benzene 

4.8  U 

ug/kg 

SW8020 

MW-16-01 

10-Aug-95 

6  -  8 

Chlorobenzene 

4.8  U 

ug/kg 

SW8020 

MW-16-01 

10-Aug-95 

6  -8 

Ethylbenzene 

4.8  U 

ug/kg 

SW8020 

MW-16-01 

10-Aug-95 

6  -  8 

Toluene 

1  J 

ug/kg 

SW8020 

MW-16-01 

10-Aug-95 

6  -  8 

Xylene  (total) 

4.8  U 

ug/kg 

SW8020 

MW-16-02 

10-Aug-95 

10  -  12 

1 ,2,3,4-Tetramethylbenzene 

4.7  U 

ug/kg 

SW8020 

MW- 16-02 

10- Aug-95 

10  -  12 

1 ,2,3  -T  rimethylbenzene 

4.7  U 

ug/kg 

SW8020 

MW-16-02 

10-Aug-95 

10  -  12 

1 ,2,4-Trimethylbenzene 

4.7  U 

ug/kg 

SW8020 

MW-16-02 

10- Aug-9  5 

10  -  12 

1 ,3 ,5-Trimethylbenzene 

4.7  U 

ug/kg 

SW8020 

MW-16-02 

10- Aug-95 

10  -  12 

Benzene 

4.7  U 

ug/kg 

SW8020 

MW-16-02 

10-Aug-95 

10  -  12 

Chlorobenzene 

4.7  U 

ug/kg 

SW8020 

MW-16-02 

10- Aug-95 

10  -  12 

Ethylbenzene 

4.7  U 

ug/kg 

SW8020 

MW-16-02 

10-Aug-95 

10  -  12 

Toluene 

4.7  U 

ug/kg 

SW8020 

MW-16-02 

10-Aug-95 

10  -  12 

Xylene  (total) 

4.7  U 

ug/kg 

SW8020 

MW-16-03 

10-Aug-95 

20  -  22 

1 ,2,3,4-Tetramethylbenzene 

7.2  U 

ug/kg 

SW8020 

MW-16-03 

10-Aug-95 

20  -  22 

1 ,2,3-Trimethylbenzene 

7.2  U 

ug/kg 

SW8020 

MW-16-03 

10- Aug-95 

20  -  22 

1 ,2,4-T  rimethylbenzene 

7.2  U 

ug/kg 

SW8020 

MW-16-03 

10-Aug-95 

20  -  22 

1 ,3 ,5-Trimethylbenzene 

7.2  U 

ug/kg 

SW8020 

MW-16-03 

10-Aug-95 

20  -22 

Benzene 

7.2  U 

ug/kg 

SW8020 

MW-16-03 

10-Aug-95 

20  -  22 

Chlorobenzene 

7.2  U 

ug/kg 

SW8020 
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MW-16-03 

10- Aug-95 

20  -22 

Ethylbenzene 

7.2  U 

ug/kg 

SW8020 

MW-16-03 

10-Aug-95 

20  -22 

Toluene 

7.2  U 

ug/kg 

SW8020 

MW-16-03 

10-Aug-95 

20  -22 

Xylene  (total) 

7.2  U 

ug/kg 

SW8020 

MW- 16-04 

10- Aug-95 

32  -  34 

1 ,2,3 ,4-Tetramethylbenzene 

5.1  U 

ug/kg 

SW8020 

MW-16-04 

10-Aug-95 

32  -  34 

1,2,3  -Trimethylbenzene 

5.1  U 

ug/kg 

SW8020 

MW- 16-04 

10-Aug-95 

32  -  34 

1,2,4-Trimethylbenzene 

5.1  U 

ug/kg 

SW8020 

MW-16-04 

10-Aug-95 

32  -  34 

1,3,5-Trimethylbenzene 

5.1  U 

ug/kg 

SW8020 

MW-16-04 

10-Aug-95 

32  -  34 

Benzene 

5.1  U 

ug/kg 

SW8020 

MW-16-04 

10- Aug-95 

32  -  34 

Chlorobenzene 

5.1  U 

ug/kg 

SW8020 

MW-16-04 

10- Aug-95 

32  -  34 

Ethylbenzene 

5.1  U 

ug/kg 

SW8020 

MW-16-04 

10- Aug-95 

32  -  34 

TEH  as  Jet  Fuel 

13  U 

ug/kg 

M8015 

MW-16-04 

10- Aug-95 

32  -  34 

Toluene 

1  J 

ug/kg 

SW8020 

MW-16-04 

10-Aug-95 

32  -  34 

TVH  as  Gasoline 

0.1  U 

ug/kg 

M8015 

MW-16-04 

10-Aug-95 

32  -  34 

Xylene  (total) 

5.1  U 

ug/kg 

SW8020 

MW-18-01 

11 -Aug-95 

5  -7 

1 ,2,3 ,4-Tetramethylbenzene 

4.9  U 

ug/kg 

SW8020 

MW-18-01 

11 -Aug-95 

5  -  7 

1,2,3-Ti  methylbenzene 

4.9  U 

ug/kg 

SW8020 

MW-18-01 

1 1 -Aug-95 

5  -7 

1,2,4-Trimethylbenzene 

4.9  U 

ug/kg 

SW8020 

MW-18-01 

11 -Aug-95 

5  -7 

1 ,3 ,5-T  rimethylbenzene 

4.9  U 

ug/kg 

SW8020 

MW-18-01 

11 -Aug-95 

5  -7 

Benzene 

0.8  J 

ug/kg 

SW8020 

MW-18-01 

11 -Aug-95 

5  -7 

Chlorobenzene 

4.9  U 

ug/kg 

SW8020 

MW-18-01 

11 -Aug-95 

5  -7 

Ethylbenzene 

4.9  U 

ug/kg 

SW8020 

MW-18-01 

1 1 -Aug-95 

5  -7 

Toluene 

1.2  J 

ug/kg 

SW8020 

MW-18-01 

11 -Aug-95 

5  -7 

Xylene  (total) 

4.9  U 

ug/kg 

SW8020 

MW- 18-02 

11 -Aug-95 

9  -  11 

1 , 2 , 3 , 4  -T  etrame  thy  lbenzene 

5.1  U 

ug/kg 

SW8020 

MW-18-02 

11 -Aug-95 

9  -  11 

1 ,2,3  -Trimethylbenzene 

5.1  U 

ug/kg 

SW8020 

MW-18-02 

11 -Aug-95 

9  -  11 

1,2,4-Trimethylbenzene 

5.1  U 

ug/kg 

SW8020 

MW-18-02 

11 -Aug-95 

9  -  11 

1 ,3 ,5-T  rimethylbenzene 

5.1  U 

ug/kg 

SW8020 

MW-18-02 

1 1 -Aug-95 

9  -  11 

Benzene 

0.8  J 

ug/kg 

SW8020 

MW-18-02 

11 -Aug-95 

9  -  11 

Chlorobenzene 

5.1  U 

ug/kg 

SW8020 

MW-18-02 

11 -Aug-95 

9  -  11 

Ethylbenzene 

5.1  U 

ug/kg 

SW8020 

MW-18-02 

11 -Aug-95 

9  -  11 

Toluene 

1.1  J 

ug/kg 

SW8020 

MW-18-02 

11 -Aug-95 

9  -  11 

Xylene  (total) 

5.1  U 

ug/kg 

SW8020 

MW-18-03 

11 -Aug-95 

20  -  22 

1,2,3,4-Tetramethylbenzene 

7.8  U 

ug/kg 

SW8020 

MW- 18-03 

11 -Aug-95 

20  -22 

1 ,2,3-Trimethylbenzene 

7.8  U 

ug/kg 

SW8020 

MW-18-03 

11 -Aug-95 

20  -  22 

1,2,4-Trimethylbenzene 

7.8  U 

ug/kg 

SW8020 

MW-18-03 

11 -Aug-95 

20  -  22 

1 ,3 ,5-Trimethylbenzene 

7.8  U 

ug/kg 

SW8020 

MW-18-03 

11 -Aug-95 

20  -22 

Benzene 

1.3  J 

ug/kg 

SW8020 

MW-18-03 

11 -Aug-95 

20  -  22 

Chlorobenzene 

7.8  U 

ug/kg 

SW8020 

MW-18-03 

11 -Aug-95 

20  -  22 

Ethylbenzene 

7.8  U 

ug/kg 

SW8020 

MW-18-03 

11 -Aug-95 

20  -  22 

Toluene 

2  J 

ug/kg 

SW8020 

MW-18-03 

11 -Aug-95 

20  -  22 

Xylene  (total) 

7.8  U 

ug/kg 

SW8020 

MW- 18-04 

11 -Aug-95 

32  -  34 

1 ,2, 3 ,4-Tetramethylbenzene 

4.6  U 

ug/kg 

SW8020 

K:\MYRTLE\DATABASE\B1  .XLS 


TABLE  B.l 

SOIL  DATA  FOR  VOLATILE  ORGANIC  COMPOUNDS 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Sample  Interval 
(ft  bgs:  begin-end) 

Analyte 

Result 

Units 

Analytical 

Method 

MW-18-04 

1 1 -Aug-95 

32  -  34 

1 ,2 , 3  -T  rimethy  lbenzene 

4.6  U 

ug/kg 

SW8020 

MW-18-04 

1 1 -Aug-95 

32  -34 

1 ,2,4-Trimethylbenzene 

4.6  U 

ug/kg 

SW8020 

MW-18-04 

11 -Aug-95 

32  -  34 

1 ,3 ,5-Trimethylbenzene 

4.6  U 

ug/kg 

SW8020 

MW-18-04 

ll-Aug-95 

32  -  34 

Benzene 

1  J 

ug/kg 

SW8020 

MW-18-04 

ll-Aug-95 

32  -34 

Chlorobenzene 

4.6  U 

ug/kg 

SW8020 

MW-18-04 

ll-Aug-95 

32  -  34 

Ethylbenzene 

4.6  U 

ug/kg 

SW8020 

MW-18-04 

ll-Aug-95 

32  -  34 

TEH  as  Jet  Fuel 

12  U 

ug/kg 

M8015 

MW-18-04 

ll-Aug-95 

32  -  34 

Toluene 

3.9  J 

ug/kg 

SW8020 

MW-18-04 

ll-Aug-95 

32  -  34 

TVH  as  Gasoline 

0.1  U 

ug/kg 

M8015 

MW-18-04 

ll-Aug-95 

32  -  34 

Xylene  (total) 

4.6  U 

ug/kg 

SW8020 

VENT-01-01 

9-Aug-95 

7  -9 

1 ,2,3 ,4-Tetramethylbenzene 

3000 

ug/kg 

SW8020 

VENT-01-01 

9-Aug-95 

7  -  9 

1 ,2,3-Trimethylbenzene 

2600 

ug/kg 

SW8020 

VENT-01-01 

9- Aug-9  5 

7  -  9 

1 ,2,4-Trimethylbenzene 

9100 

ug/kg 

SW8020 

VENT-01-01 

9-Aug-95 

7  -9 

1 ,3 ,5-Trimethylbenzene 

3400 

ug/kg 

SW8020 

VENT-0 1-01 

9-Aug-95 

7  -9 

Benzene 

190  J 

ug/kg 

SW8020 

VENT-0 1-01 

9-Aug-95 

7  -  9 

Chlorobenzene 

220  J 

ug/kg 

SW8020 

VENT-01-01 

9-Aug-95 

7  -  9 

Ethylbenzene 

1100 

ug/kg 

SW8020 

VENT-01-01 

9- Aug-9  5 

7  -  9 

Toluene 

1700 

ug/kg 

SW8020 

VENT-01-01 

9- Aug-9  5 

7  -  9 

Xylene  (total) 

7000 

ug/kg 

SW8020 

VENT-01-02 

9-Aug-95 

10  -  12 

1,2,3,4-Tetramethylbenzene 

140000 

ug/kg 

SW8020 

VENT-0 1-02 

9-Aug-95 

10  -  12 

1 ,2,3-Trimethylbenzene 

170000 

ug/kg 

SW8020 

VENT-01-02 

9-Aug-95 

10  -  12 

1 ,2,4-Trimethylbenzene 

650000 

ug/kg 

SW8020 

VENT-0 1-02 

9-Aug-95 

10  -  12 

1,3,5-Trimethylbenzene 

220000 

ug/kg 

SW8020 

VENT-01-02 

9- Aug-9  5 

10  -  12 

Benzene 

87000 

ug/kg 

SW8020 

VENT-01-02 

9-Aug-95 

10  -  12 

Chlorobenzene 

20000  J 

ug/kg 

SW8020 

VENT-01-02 

9-Aug-95 

10  -  12 

Ethylbenzene 

180000 

ug/kg 

SW8020 

VENT-0 1-02 

9-Aug-95 

10  -  12 

Toluene 

650000 

ug/kg 

SW8020 

VENT-01-02 

9- Aug-9  5 

10  -  12 

Xylene  (total) 

1000000 

ug/kg 

SW8020 

VENT-02-01 

9-Aug-95 

7  -  9 

1,2,3,4-Tetramethylbenzene 

340 

ug/kg 

SW8020 

VENT-02-01 

9-Aug-95 

7  -  9 

1 ,2,3-Trimethylbenzene 

620 

ug/kg 

SW8020 

VENT-02-01 

9-Aug-95 

7  -9 

1 ,2,4-Trimethylbenzene 

2400 

ug/kg 

SW8020 

VENT-02-01 

9-Aug-95 

7  -  9 

1 , 3 ,5  -T  rimethy  lbenzene 

720 

ug/kg 

SW8020 

VENT-02-01 

9-Aug-95 

7  -  9 

Benzene 

890 

ug/kg 

SW8020 

VENT-02-01 

9- Aug-9  5 

7  -  9 

Chlorobenzene 

610  U 

ug/kg 

SW8020 

VENT-02-01 

9-Aug-95 

7  -  9 

Ethylbenzene 

1000 

ug/kg 

SW8020 

VENT-02-01 

9-Aug-95 

7  -  9 

Toluene 

6200 

ug/kg 

SW8020 

VENT-02-01 

9-Aug-95 

7  -  9 

Xylene  (total) 

5000 

ug/kg 

SW8020 

VENT-02-02 

9-Aug-95 

11  -  13 

1,2,3,4-Tetramethylbenzene 

62000 

ug/kg 

SW8020 

VENT-02-02 

9-Aug-95 

11  -  13 

1 ,2,3  -T  rimethylbenzene 

82000 

ug/kg 

SW8020 

VENT-02-02 

9-Aug-95 

11  -  13 

1 ,2,4-Trimethylbenzene 

270000 

ug/kg 

SW8020 

VENT-02-02 

9-Aug-95 

11  -  13 

1 ,3 ,5-Trimethylbenzene 

110000 

ug/kg 

SW8020 

VENT-02-02 

9-Aug-95 

11  -  13 

Benzene 

29000  J 

ug/kg 

SW8020 

VENT-02-02 

9-Aug-95 

11  -  13 

Chlorobenzene 

27000  J 

ug/kg 

SW8020 
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TABLE  B.l 

SOIL  DATA  FOR  VOLATILE  ORGANIC  COMPOUNDS 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Sample  Interval 
(ft  bgs:  begin-end) 

Analyte 

Result 

Units 

Analytical 

Method 

VENT-02-02 

9-Aug-95 

11  -  13 

Ethylbenzene 

I 10000 

ug/kg 

SW8020 

VENT-02-02 

9-Aug-95 

11  -  13 

Toluene 

300000 

ug/kg 

SW8020 

VENT-02-02 

9-Aug-95 

11  -  13 

Xylene  (total) 

500000 

ug/kg 

SW8020 

K:\MYRTLE\DATABASE\B  1  .XLS 


TABLE  B.2 

SOIL  DATA  FOR  SEMIVOLATILE  ORGANIC  COMPOUNDS 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 

Sample  Sample  Sample  Interval  Analytical 

Location  Date  (ft  bgs:  begin-end) _ Analyte _ Result _ Units  Method 


AS-01-01  9-Aug-95  4  -  6 

AS-01-01  9-Aug-95  4  -  6 


AS-01-01 

9-Aug-95 

4  -6 

AS-01-01 

9-Aug-95 

4  -6 

AS-01-01 

9-Aug-95 

4  -6 

AS-01-01 

9-Aug-95 

4  -6 

AS-01-01 

9-Aug-95 

4  -6 

AS-01-01 

9-Aug-95 

4  -6 

AS-01-01 

9-Aug-95 

4  -6 

AS-01-01 

9-Aug-95 

4  -6 

AS-01-01 

9-Aug-95 

4  -6 

AS-01-01 

9- Aug-9  5 

4  -  6 

AS-01-01 

9-Aug-95 

4  -6 

AS-01-01 

9-Aug-95 

4  -6 

AS-01-01 

9-Aug-95 

4  -6 

AS-01-01 

9-Aug-95 

4  -6 

AS-01-01 

9-Aug-95 

4  -6 

AS-01-01 

9-Aug-95 

4  -6 

AS-01-01 

9- Aug-9  5 

4  -6 

AS-01-01 

9-Aug-95 

4  -6 

AS-01-01 

9-Aug-95 

4  -6 

AS-01-01 

9-Aug-95 

4  -6 

AS-01-02 

9-Aug-95 

6  -  8 

AS-01-02 

9- Aug-9  5 

6  -  8 

AS-01-02 

9-Aug-95 

6  -8 

AS-01-02 

9-Aug-95 

6  -8 

AS-01-02 

9-Aug-95 

6  -  8 

AS-01-02 

9-Aug-95 

6  -8 

AS-01-02 

9-Aug-95 

6  -  8 

AS-01-02 

9-Aug-95 

6  -  8 

AS-01-02 

9-Aug-95 

6  -8 

AS-01-02 

9-Aug-95 

6  -8 

AS-01-02 

9-Aug-95 

6  -  8 

AS-01-02 

9-Aug-95 

6  -8 

AS-01-02 

9-Aug-95 

6  -  8 

AS-01-02 

9-Aug-95 

6  -  8 

AS-01-02 

9-Aug-95 

6  -8 

AS-01-02 

9-Aug-95 

6  -8 

AS-01-02 

9-Aug-95 

6  -  8 

AS-01-02 

9-Aug-95 

6  -8 

AS-01-02 

9-Aug-95 

6  -  8 

AS-01-02 

9-Aug-95 

6  -  8 

AS-01-02 

9-Aug-95 

6  -  8 

AS-01-02 

9-Aug-95 

6  -8 

2.4- Dichlorophenol 

2.4- Dimethylphenol 
2-Methylnaphthalene 
2-Methylphenol 
4-Methylphenol 
Acenaphthene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Benzoic  Acid 
Bis(2-ethylhexyl)phthalate 
Chrysene 
Fluoranthene 

Fluorene 

Indeno(l,2,3-cd)pyrene 

Naphthalene 

Phenanthrene 

Phenol 

Pyrene 

2.4- Dichlorophenol 

2.4- Dimethylphenol 
2-Methylnaphthalene 
2-Methylphenol 
4-Methylphenol 
Acenaphthene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Benzoic  Acid 
Bis(2-ethylhexyl)phthalate 
Chrysene 
Fluoranthene 

Fluorene 

Indeno(  1 ,2,3-cd)pyrene 

Naphthalene 

Phenanthrene 

Phenol 

Pyrene 


21 

U 

ug/kg 

SW8270 

21 

U 

ug/kg 

SW8270 

1500 

ug/kg 

SW8270 

21 

U 

ug/kg 

SW8270 

21 

U 

ug/kg 

SW8270 

21 

U 

ug/kg 

SW8270 

33 

J 

ug/kg 

SW8270 

110 

J 

ug/kg 

SW8270 

83 

J 

ug/kg 

SW8270 

130 

J 

ug/kg 

SW8270 

59 

J 

ug/kg 

SW8270 

33 

J 

ug/kg 

SW8270 

21 

U 

ug/kg 

SW8270 

21 

U 

ug/kg 

SW8270 

110 

J 

ug/kg 

SW8270 

210 

J 

ug/kg 

SW8270 

21 

U 

ug/kg 

SW8270 

57 

J 

ug/kg 

SW8270 

460 

ug/kg 

SW8270 

140 

J 

ug/kg 

SW8270 

21 

U 

ug/kg 

SW8270 

220 

J 

ug/kg 

SW8270 

21 

u 

ug/kg 

SW8270 

21 

u 

ug/kg 

SW8270 

21 

u 

ug/kg 

SW8270 

21 

u 

ug/kg 

SW8270 

21 

u 

ug/kg 

SW8270 

21 

u 

ug/kg 

SW8270 

21 

u 

ug/kg 

SW8270 

21 

u 

ug/kg 

SW8270 

21 

u 

ug/kg 

SW8270 

21 

u 

ug/kg 

SW8270 

21 

u 

ug/kg 

SW8270 

21 

u 

ug/kg 

SW8270 

21 

u 

ug/kg 

SW8270 

21 

u 

ug/kg 

SW8270 

21 

u 

ug/kg 

SW8270 

21 

u 

ug/kg 

SW8270 

21 

u 

ug/kg 

SW8270 

21 

u 

ug/kg 

SW8270 

410 

u 

ug/kg 

SW8270 

21 

u 

ug/kg 

SW8270 

21 

u 

ug/kg 

SW8270 

21 

u 

ug/kg 

SW8270 

K:\MYRTLE\DATABASE\B2.XLS 


TABLE  B.2 

SOIL  DATA  FOR  SEMIVOLATILE  ORGANIC  COMPOUNDS 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Sample  Interval 
(ft  bgs:  begin-end) 

Analyte 

Result 

Units 

Analytical 

Method 

AS-02-02 

10-Aug-95 

10  -  12 

2,4-Dichlorophenol 

20 

U 

ug/kg 

SW8270 

AS-02-02 

10-Aug-95 

10  -  12 

2,4-Dimethylphenol 

20 

u 

ug/kg 

SW8270 

AS-02-02 

10-Aug-95 

10  -  12 

2-Methylnaphthalene 

20 

u 

ug/kg 

SW8270 

AS-02-02 

10-Aug-95 

10  -  12 

2-Methylphenol 

20 

u 

ug/kg 

SW8270 

AS-02-02 

10-Aug-95 

10  -  12 

4-Methylphenol 

20 

u 

ug/kg 

SW8270 

AS-02-02 

10- Aug-95 

10  -  12 

Acenaphthene 

20 

u 

ug/kg 

SW8270 

AS-02-02 

10- Aug-95 

10  -  12 

Anthracene 

20 

u 

ug/kg 

SW8270 

AS-02-02 

10- Aug-95 

10  -  12 

Benzo(a)anthracene 

20 

u 

ug/kg 

SW8270 

AS-02-02 

10-Aug-95 

10  -  12 

Benzo(a)pyrene 

20 

u 

ug/kg 

SW8270 

AS-02-02 

10-Aug-95 

10  -  12 

Benzo(b)fluoranthene 

20 

u 

ug/kg 

SW8270 

AS-02-02 

10-Aug-95 

10  -  12 

Benzo(g,h,i)perylene 

20 

u 

ug/kg 

SW8270 

AS-02-02 

10-Aug-95 

10  -  12 

Benzo(k)fluoranthene 

20 

u 

ug/kg 

SW8270 

AS-02-02 

10-Aug-95 

10  -  12 

Benzoic  Acid 

20 

u 

ug/kg 

SW8270 

AS-02-02 

10- Aug-95 

10  -  12 

Bis(2-ethylhexyl)phthalate 

20 

u 

ug/kg 

SW8270 

AS-02-02 

10- Aug-95 

10  -  12 

Chrysene 

20 

u 

ug/kg 

SW8270 

AS-02-02 

10-Aug-95 

10  -  12 

Fluoranthene 

20 

u 

ug/kg 

SW8270 

AS-02-02 

10-Aug-95 

10  -  12 

Fluorene 

20 

u 

ug/kg 

SW8270 

AS-02-02 

10-Aug-95 

10  -  12 

Indeno(  1 ,2,3  -cd)pyrene 

20 

u 

ug/kg 

SW8270 

AS-02-02 

10-Aug-95 

10  -  12 

Naphthalene 

400 

u 

ug/kg 

SW8270 

AS-02-02 

10- Aug-95 

10-12 

Phenanthrene 

20 

u 

ug/kg 

SW8270 

AS-02-02 

10-Aug-95 

10  -  12 

Phenol 

20 

u 

ug/kg 

SW8270 

AS-02-02 

10-Aug-95 

10  -  12 

Pyrene 

20 

u 

ug/kg 

SW8270 

MW-06-01 

8-Aug-95 

7  -  9 

2,4-Dichlorophenol 

40 

u 

ug/kg 

SW8270 

MW-06-01 

8-Aug-95 

7  -  9 

2,4-Dimethylphenol 

40 

u 

ug/kg 

SW8270 

MW-06-01 

8-Aug-95 

7  -9 

2-Methylnaphthalene 

40 

u 

ug/kg 

SW8270 

MW-06-01 

8-Aug-95 

7  -  9 

2-Methylphenol 

40 

u 

ug/kg 

SW8270 

MW-06-01 

8-Aug-95 

7  -  9 

4-Methylphenol 

40 

u 

ug/kg 

SW8270 

MW-06-01 

8-Aug-95 

7  -  9 

Acenaphthene 

40 

u 

ug/kg 

SW8270 

MW-06-01 

8-Aug-95 

7  -  9 

Anthracene 

40 

u 

ug/kg 

SW8270 

MW-06-01 

8-Aug-95 

7  -  9 

Benzo(a)anthracene 

40 

u 

ug/kg 

SW8270 

MW-06-01 

8-Aug-95 

7  -  9 

Benzo(a)pyrene 

40 

u 

ug/kg 

SW8270 

MW-06-01 

8-Aug-95 

7  -9 

Benzo(b)fluoranthene 

40 

u 

ug/kg 

SW8270 

MW-06-01 

8-Aug-95 

7  -  9 

Benzo(g,h,i)perylene 

40 

u 

ug/kg 

SW8270 

MW-06-01 

8-Aug-95 

7  -  9 

Benzo(k)fluoranthene 

40 

u 

ug/kg 

SW8270 

MW-06-01 

8-Aug-95 

7  -9 

Benzoic  Acid 

40 

u 

ug/kg 

SW8270 

MW-06-01 

8-Aug-95 

7  -  9 

Bis(2-ethylhexyl)phthalate 

30 

J 

ug/kg 

SW8270 

MW-06-01 

8-Aug-95 

7  -  9 

Chrysene 

40 

u 

ug/kg 

SW8270 

MW-06-01 

8-Aug-95 

7  -  9 

Fluoranthene 

40 

u 

ug/kg 

SW8270 

MW-06-01 

8-Aug-95 

7  -  9 

Fluorene 

40 

u 

ug/kg 

SW8270 

MW-06-01 

8-Aug-95 

7  -  9 

Indeno(l,2,3-cd)pyrene 

40 

u 

ug/kg 

SW8270 

MW-06-01 

8-Aug-95 

7  -9 

Naphthalene 

400 

u 

ug/kg 

SW8270 

MW-06-01 

8-Aug-95 

7  -  9 

Phenanthrene 

40 

u 

ug/kg 

SW8270 

MW-06-01 

8-Aug-95 

7  -  9 

Phenol 

40 

u 

ug/kg 

SW8270 

MW-06-01 

8-Aug-95 

7  -  9 

Pyrene 

40 

u 

ug/kg 

SW8270 

K:\MYRTLE\DATABASE\B2.XLS 


TABLE  B.2 

SOIL  DATA  FOR  SEMIVOLATILE  ORGANIC  COMPOUNDS 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample  Sample  Interval 

Date  (ft  bgs:  begin-end) 

Analyte 

Result 

Units 

Analytical 

Method 

MW-06-02 

8-Aug-95 

15  -  17 

2 ,4-Dichlorophenol 

41  U 

ug/kg 

SW8270 

MW-06-02 

8-Aug-95 

15  -  17 

2 ,4-Dimethylphenol 

41  U 

ug/kg 

SW8270 

MW-06-02 

8-Aug-95 

15  -  17 

2  -Methylnaphthalene 

41  U 

ug/kg 

SW8270 

MW-06-02 

8-Aug-95 

15  -  17 

2-Methylphenol 

41  U 

ug/kg 

SW8270 

MW-06-02 

8-Aug-95 

15  -  17 

4-Methylphenol 

41  U 

ug/kg 

SW8270 

MW-06-02 

8- Aug-95 

15  -  17 

Acenaphthene 

41  U 

ug/kg 

SW8270 

MW-06-02 

8-Aug-95 

15  -  17 

Anthracene 

41  U 

ug/kg 

SW8270 

MW-06-02 

8-Aug-95 

15  -  17 

Benzo(a)anthracene 

41  U 

ug/kg 

SW8270 

MW-06-02 

8-Aug-95 

15  -  17 

Benzo(a)pyrene 

41  U 

ug/kg 

SW8270 

MW-06-02 

8-Aug-95 

15  -  17 

Benzo(b)fluoranthene 

41  U 

ug/kg 

SW8270 

MW-06-02 

8-Aug-95 

15  -  17 

Benzo(g,h,i)perylene 

41  U 

ug/kg 

SW8270 

MW-06-02 

8-Aug-95 

15  -  17 

Benzo(k)fluoranthene 

41  U 

ug/kg 

SW8270 

MW-06-02 

8-Aug-95 

15  -  17 

Benzoic  Acid 

41  U 

ug/kg 

SW8270 

MW-06-02 

8-Aug-95 

15  -  17 

Bis(2-ethylhexyl)phthalate 

41  U 

ug/kg 

SW8270 

MW-06-02 

8-Aug-95 

15  -  17 

Chrysene 

41  U 

ug/kg 

SW8270 

MW-06-02 

8-Aug-95 

15  -  17 

Fluoranthene 

41  U 

ug/kg 

SW8270 

MW-06-02 

8-Aug-95 

15  -  17 

Fluorene 

41  U 

ug/kg 

SW8270 

MW-06-02 

8-Aug-95 

15  -  17 

Indeno(  1,2,3  -cd)pyrene 

41  U 

ug/kg 

SW8270 

MW-06-02 

8-Aug-95 

15  -  17 

Naphthalene 

410  U 

ug/kg 

SW8270 

MW-06-02 

8-Aug-95 

15  -  17 

Phenanthrene 

41  U 

ug/kg 

SW8270 

MW-06-02 

8-Aug-95 

15  -  17 

Phenol 

41  U 

ug/kg 

SW8270 

MW-06-02 

8-Aug-95 

15  -  17 

Pyrene 

41  U 

ug/kg 

SW8270 

VENT-01-01 

9-Aug-95 

7  -  9 

2,4-Dichlorophenol 

360  J 

ug/kg 

SW8270 

VENT-01-01 

9-Aug-95 

7  -  9 

2,4-Dimethylphenol 

21  U 

ug/kg 

SW8270 

VENT-01-01 

9-Aug-95 

7  -9 

2-Methylnaphthalene 

2400 

ug/kg 

SW8270 

VENT-01-01 

9-Aug-95 

7  -  9 

2-Methylphenol 

66  J 

ug/kg 

SW8270 

VENT-01-01 

9-Aug-95 

7  -  9 

4-Methylphenol 

120  J 

ug/kg 

SW8270 

VENT-01-01 

9-Aug-95 

7  -  9 

Acenaphthene 

43  J 

ug/kg 

SW8270 

VENT-01-01 

9-Aug-95 

7  -  9 

Anthracene 

100  J 

ug/kg 

SW8270 

VENT-01-01 

9-Aug-95 

7  -  9 

Benzo(a)anthracene 

130  J 

ug/kg 

SW8270 

VENT-01-01 

9-Aug-95 

7  -  9 

Benzo(a)pyrene 

69  J 

ug/kg 

SW8270 

VENT-01-01 

9-Aug-95 

7  -  9 

Benzo(b)fluoranthene 

100  J 

ug/kg 

SW8270 

VENT-0 1-01 

9-Aug-95 

7  -  9 

Benzo(g,h,i)perylene 

24  J 

ug/kg 

SW8270 

VENT-01-01 

9-Aug-95 

7  -  9 

Benzo(k)fluoranthene 

38  J 

ug/kg 

SW8270 

VENT-01-01 

9-Aug-95 

7  -  9 

Benzoic  Acid 

21  U 

ug/kg 

SW8270 

VENT-0 1-01 

9-Aug-95 

7  -  9 

Bis(2-ethylhexyl)phthalate 

21  J 

ug/kg 

SW8270 

VENT-01-01 

9-Aug-95 

7  -  9 

Chrysene 

110  J 

ug/kg 

SW8270 

VENT-01-01 

9-Aug-95 

7  -  9 

Fluoranthene 

370  J 

ug/kg 

SW8270 

VENT-0 1-01 

9-Aug-95 

7  -  9 

Fluorene 

61  J 

ug/kg 

SW8270 

VENT-0 1-01 

9- Aug-9  5 

7  -  9 

Indeno(l,2,3-cd)pyrene 

37  J 

ug/kg 

SW8270 

VENT-01-01 

9-Aug-95 

7  -9 

Naphthalene 

1300 

ug/kg 

SW8270 

VENT-01-01 

9-Aug-95 

7  -  9 

Phenanthrene 

400  J 

ug/kg 

SW8270 

VENT-0 1-01 

9-Aug-95 

7-9 

Phenol 

88  J 

ug/kg 

SW8270 

VENT-01-01 

9-Aug-95 

7  -  9 

Pyrene 

250  J 

ug/kg 

SW8270 
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TABLE  B.2 

SOIL  DATA  FOR  SEMIVOLATILE  ORGANIC  COMPOUNDS 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Sample  Interval 
(ft  bgs:  begin-end) 

Analyte 

Result 

Units 

Analytical 

Method 

VENT-0 1-02 

9-Aug-95 

10  -  12 

2,4-Dichlorophenol 

95 

U 

ug/kg 

SW8270 

VENT-0 1-02 

9-Aug-95 

10  -  12 

2,4-Dimethylphenol 

95 

U 

ug/kg 

SW8270 

VENT-01-02 

9-Aug-95 

10  -  12 

2  -Methylnaphthalene 

30000 

ug/kg 

SW8270 

VENT-0 1-02 

9-Aug-95 

10  -  12 

2-Methylphenol 

200 

J 

ug/kg 

SW8270 

VENT-0 1-02 

9-Aug-95 

10  -  12 

4-Methylphenol 

95 

U 

ug/kg 

SW8270 

VENT-01-02 

9-Aug-95 

10  -  12 

Acenaphthene 

450 

J 

ug/kg 

SW8270 

VENT-0 1-02 

9-Aug-95 

10  -  12 

Anthracene 

800 

J 

ug/kg 

SW8270 

VENT-0 1-02 

9-Aug-95 

10  -  12 

Benzo(a)anthracene 

890 

J 

ug/kg 

SW8270 

VENT-0 1-02 

9-Aug-95 

10  -  12 

Benzo(a)pyrene 

490 

J 

ug/kg 

SW8270 

VENT-0 1-02 

9-Aug-95 

10  -  12 

Benzo(b)fluoranthene 

680 

J 

ug/kg 

SW8270 

VENT-0 1-02 

9-Aug-95 

10  -  12 

Benzo(g,h,i)perylene 

130 

J 

ug/kg 

SW8270 

VENT-01-02 

9- Aug-9  5 

10  -  12 

Benzo(k)fluoranthene 

260 

J 

ug/kg 

SW8270 

VENT-0 1-02 

9- Aug-9  5 

10  -  12 

Benzoic  Acid 

95 

U 

ug/kg 

SW8270 

VENT-01-02 

9-Aug-95 

10  -  12 

Bis(2-ethylhexyl)phthalate 

95 

u 

ug/kg 

SW8270 

VENT-01-02 

9-Aug-95 

10  -  12 

Chrysene 

770 

J 

ug/kg 

SW8270 

VENT-0 1-02 

9- Aug-9  5 

10  -  12 

Fluoranthene 

2600 

ug/kg 

SW8270 

VENT-01-02 

9- Aug-9  5 

10  -  12 

Fluorene 

540 

J 

ug/kg 

SW8270 

VENT-01-02 

9-Aug-95 

10  -  12 

Indeno(  1,2,3  -cd)py  rene 

180 

J 

ug/kg 

SW8270 

VENT-0 1-02 

9-Aug-95 

10  -  12 

Naphthalene 

24000 

ug/kg 

SW8270 

VENT-0 1-02 

9-Aug-95 

10  -  12 

Phenanthrene 

3000 

ug/kg 

SW8270 

VENT-01-02 

9-Aug-95 

10  -  12 

Phenol 

95 

u 

ug/kg 

SW8270 

VENT-0 1-02 

9- Aug-9  5 

10  -  12 

Pyrene 

1900 

ug/kg 

SW8270 

VENT-02-01 

9-Aug-95 

7  -9 

2,4-Dichlorophenol 

20 

u 

ug/kg 

SW8270 

VENT-02-01 

9-Aug-95 

7  -  9 

2,4-Dimethylphenol 

20 

u 

ug/kg 

SW8270 

VENT-02-01 

9-Aug-95 

7  -9 

2-Methylnaphthalene 

460 

ug/kg 

SW8270 

VENT-02-01 

9- Aug-9  5 

7  -9 

2-Methylphenol 

20 

u 

ug/kg 

SW8270 

VENT-02-01 

9-Aug-95 

7  -  9 

4-Methylphenol 

68 

J 

ug/kg 

SW8270 

VENT-02-01 

9-Aug-95 

7  -  9 

Acenaphthene 

20 

u 

ug/kg 

SW8270 

VENT-02-01 

9-Aug-95 

7  -9 

Anthracene 

20 

u 

ug/kg 

SW8270 

VENT-02-01 

9-Aug-95 

7  -9 

Benzo(a)anthracene 

25 

J 

ug/kg 

SW8270 

VENT-02-01 

9-Aug-95 

7  -9 

Benzo(a)pyrene 

20 

u 

ug/kg 

SW8270 

VENT-02-01 

9-Aug-95 

7  -  9 

Benzo(b)fluoranthene 

20 

u 

ug/kg 

SW8270 

VENT-02-01 

9-Aug-95 

7  -  9 

Benzo(g,h,i)perylene 

20 

u 

ug/kg 

SW8270 

VENT-02-01 

9-Aug-95 

7  -9 

Benzo(k)fluoranthene 

20 

u 

ug/kg 

SW8270 

VENT-02-01 

9-Aug-95 

7  -9 

Benzoic  Acid 

20 

u 

ug/kg 

SW8270 

VENT-02-01 

9-Aug-95 

7  -  9 

Bis(2-ethylhexyl)phthalate 

20 

u 

ug/kg 

SW8270 

VENT-02-01 

9-Aug-95 

7  -9 

Chrysene 

21 

J 

ug/kg 

SW8270 

VENT-02-01 

9-Aug-95 

7  -9 

Fluoranthene 

58 

J 

ug/kg 

SW8270 

VENT-02-01 

9-Aug-95 

7  -  9 

Fluorene 

20 

u 

ug/kg 

SW8270 

VENT-02-01 

9- Aug-9  5 

7  -  9 

Indeno(l,2,3-cd)pyrene 

20 

u 

ug/kg 

SW8270 

VENT-02-01 

9-Aug-95 

7  -  9 

Naphthalene 

350 

J 

ug/kg 

SW8270 

VENT-02-01 

9-Aug-95 

7  -9 

Phenanthrene 

59 

J 

ug/kg 

SW8270 

VENT-02-01 

9- Aug-9  5 

7  -  9 

Phenol 

20 

u 

ug/kg 

SW8270 

VENT-02-01 

9-Aug-95 

7  -9 

Pyrene 

43 

J 

ug/kg 

SW8270 
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TABLE  B.2 

SOIL  DATA  FOR  SEMIVOLATILE  ORGANIC  COMPOUNDS 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Sample  Interval 
(ft  bgs:  begin-end) 

Analyte 

Result 

Units 

Analytical 

Method 

VENT-02-02 

9-Aug-95 

11  -  13 

2,4-Dichlorophenol 

95 

U 

ug/kg 

SW8270 

VENT-02-02 

9-Aug-95 

11  -  13 

2,4-Dimethylphenol 

95 

U 

ug/kg 

SW8270 

VENT-02-02 

9-Aug-95 

11  -  13 

2-Methylnaphthalene 

12000 

ug/kg 

SW8270 

VENT-02-02 

9-Aug-95 

11  -  13 

2-Methylphenol 

95 

U 

ug/kg 

SW8270 

VENT-02-02 

9-Aug-95 

11  -  13 

4-Methylphenol 

95 

U 

ug/kg 

SW8270 

VENT-02-02 

9- Aug-9  5 

11  -  13 

Acenaphthene 

95 

U 

ug/kg 

SW8270 

VENT-02-02 

9-Aug-95 

11  -  13 

Anthracene 

95 

U 

ug/kg 

SW8270 

VENT-02-02 

9-Aug-95 

11  -  13 

Benzo(a)anthracene 

100 

J 

ug/kg 

SW8270 

VENT-02-02 

9-Aug-95 

11  -  13 

Benzo(a)pyrene 

95' 

U 

ug/kg 

SW8270 

VENT-02-02 

9-Aug-95 

11  -  13 

Benzo(b)fluoranthene 

95 

u 

ug/kg 

SW8270 

VENT-02-02 

9-Aug-95 

11  -  13 

Benzo(g,h,i)perylene 

95 

u 

ug/kg 

SW8270 

VENT-02-02 

9-Aug-95 

11  -  13 

Benzo(k)fluoranthene 

95 

u 

ug/kg 

SW8270 

VENT-02-02 

9-Aug-95 

11  -  13 

Benzoic  Acid 

95 

u 

ug/kg 

SW8270 

VENT-02-02 

9-Aug-95 

11  -  13 

Bis(2-ethylhexyl)phthalate 

95 

u 

ug/kg 

SW8270 

VENT-02-02 

9-Aug-95 

11  -  13 

Chrysene 

95 

u 

ug/kg 

SW8270 

VENT-02-02 

9-Aug-95 

11  -  13 

Fluoranthene 

240 

J 

ug/kg 

SW8270 

VENT-02-02 

9-Aug-95 

11  -  13 

Fluorene 

95 

u 

ug/kg 

SW8270 

VENT-02-02 

9-Aug-95 

11  -  13 

Indeno(  1 ,2,3-cd)pyrene 

95 

u 

ug/kg 

SW8270 

VENT-02-02 

9-Aug-95 

11  -  13 

Naphthalene 

12000 

ug/kg 

SW8270 

VENT-02-02 

9-Aug-95 

11  -  13 

Phenanthrene 

310 

J 

ug/kg 

SW8270 

VENT-02-02 

9- Aug-9  5 

11  -  13 

Phenol 

95 

u 

ug/kg 

SW8270 

VENT-02-02 

9-Aug-95 

11  -  13 

Pyrene 

190 

J 

ug/kg 

SW8270 
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TABLE  B.3 

SOIL  DATA  FOR  OTHER  ANALYSES 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Sample  Interval 
(ft  bgs:  begin-end) 

Analyte 

Result 

Units 

Analytical 

Method 

AS-01-01 

9-Aug-95 

4  -  6 

Nitrogen,  Total  Kjeldahl 

749 

mg/kg 

E351.2 

AS-01-01 

9-Aug-95 

4  -  6 

pH 

6.92 

pH  units 

SW9045 

AS-01-01 

9-Aug-95 

4  -  6 

Phosphorus 

3  U 

mg/kg 

E300.0 

AS-01-02 

9- Aug-95 

6  -  8 

pH 

4.98 

pH  units 

SW9045 

AS-01-02 

9-Aug-95 

6  -  8 

Phosphorus 

3  U 

mg/kg 

E300.0 

AS-02-02 

10- Aug-95 

10  -  12 

Nitrogen,  Total  Kjeldahl 

5.3  U 

mg/kg 

E351.2 

AS-02-02 

10-Aug-95 

10  -  12 

Phosphorus 

6.1 

mg/kg 

E300.0 

MW-08-02 

8-Aug-95 

11  -  13 

Alkalinity,  total  (as  CAC03) 

30.2  U 

mg/kg 

E310.1 

MW-08-02 

8-Aug-95 

11  -  13 

Nitrogen,  Total  Kjeldahl 

4.9  U 

mg/kg 

E351.2 

MW-08-02 

8-Aug-95 

11  -  13 

pH 

4.32 

pH  units 

SW9045 

MW-08-02 

8-Aug-95 

11  -  13 

Phosphorus 

3  U 

mg/kg 

E300.0 

MW-08-02 

8-Aug-95 

11  -  13 

Total  organic  carbon 

0.25 

% 

C02COUL 

MW-08-03 

8-Aug-95 

17  -  19 

Alkalinity,  total  (as  CAC03) 

5590 

mg/kg 

E310.1 

MW-08-03 

8-Aug-95 

17  -  19 

Nitrogen,  Total  Kjeldahl 

741 

mg/kg 

E351.2 

MW-08-03 

8-Aug-95 

17  -  19 

pH 

8.45 

pH  units 

SW9045 

MW-08-03 

8-Aug-95 

17  -  19 

Phosphorus 

4.7  U 

mg/kg 

E300.0 

MW-08-03 

8- Aug-9  5 

17  -  19 

Total  organic  carbon 

0.09  U 

% 

C02COUL 

MW-10-MC 

9-Aug-95 

3  -  5 

Moisture,  percent 

12.5 

% 

E160.3 

MW- 15-02 

10- Aug-95 

9  -  11 

Nitrogen,  Total  Kjeldahl 

5.2  U 

mg/kg 

E351.2 

MW- 15-02 

10- Aug-95 

9  -  11 

Phosphorus 

3.1  U 

mg/kg 

E300.0 

MW- 15-02 

10- Aug-95 

9  -  11 

Total  organic  carbon 

0.06  U 

% 

C02COUL 

MW- 15-03 

10-Aug-95 

21  -  23 

Total  organic  carbon 

1.34 

% 

C02COUL 

MW- 15-04 

10- Aug-95 

33  -  35 

Total  organic  carbon 

0.14 

% 

C02COUL 

VENT-0 1-01 

9-Aug-95 

7  -  9 

Alkalinity,  total  (as  CAC03) 

30.3  U 

mg/kg 

E310.1 

VENT-0 1-01 

9-Aug-95 

7  -  9 

Moisture,  percent 

17.7 

% 

E160.3 

VENT-0 1-01 

9-Aug-95 

7  -  9 

Nitrogen,  Total  Kjeldahl 

6.1  U 

mg/kg 

E351.2 

VENT-0 1-01 

9-Aug-95 

7  -  9 

pH 

5.04 

pH  units 

SW9045 

VENT-0 1-01 

9-Aug-95 

7  -  9 

Phosphorus 

3  U 

mg/kg 

E300.0 

VENT-0 1-02 

9-Aug-95 

10  -  12 

Alkalinity,  total  (as  CAC03) 

28.8  U 

mg/kg 

E310.1 

VENT-0 1-02 

9-Aug-95 

10  -  12 

Moisture,  percent 

13.2 

% 

E160.3 

VENT-0 1-02 

9-Aug-95 

10  -  12 

Nitrogen,  Total  Kjeldahl 

5.3  U 

mg/kg 

E351.2 

VENT-0 1-02 

9-Aug-95 

10  -  12 

pH 

6.98 

pH  units 

SW9045 

VENT-0 1-02 

9-Aug-95 

10  -  12 

Phosphorus 

2.9  U 

mg/kg 

E300.0 

VENT-02-01 

9-Aug-95 

7  -  9 

Alkalinity,  total  (as  CAC03) 

30.3  U 

mg/kg 

E310.1 

VENT-02-01 

9-Aug-95 

7  -  9 

Moisture,  percent 

17.6 

% 

E160.3 

VENT-02-01 

9-Aug-95 

7  -  9 

Nitrogen,  Total  Kjeldahl 

5.3  U 

mg/kg 

E351.2 
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TABLE  B.3 

SOIL  DATA  FOR  OTHER  ANALYSES 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Sample  Interval 
(ft  bgs:  begin-end) 

Analyte 

Result 

Units 

Analytical 

Method 

VENT-02-01 

9-Aug-95 

7  -  9 

pH 

535 

pH  units 

SW9045 

VENT-02-01 

9-Aug-95 

7  -9 

Phosphorus 

3  U 

mg/kg 

E300.0 

VENT-02-01 

9-Aug-95 

7  -9 

Total  organic  carbon 

0.06  U 

% 

C02C0UL 

VENT-02-02 

9-Aug-95 

11  -  13 

Alkalinity,  total  (as  CAC03) 

28.6  U 

mg/kg 

E310.1 

VENT-02-02 

9-Aug-95 

11  -  13 

Moisture,  percent 

12.7 

% 

E160.3 

VENT-02-02 

9-Aug-95 

11  -  13 

Nitrogen,  Total  Kjeldahl 

5  U 

mg/kg 

E351.2 

VENT-02-02 

9-Aug-95 

11-13 

pH 

6.6 

pH  units 

SW9045 

VENT-02-02 

9-Aug-95 

11-13 

Phosphorus 

2.8  U 

mg/kg 

E300.0 

VENT-02-02 

9-Aug-95 

11  -  13 

Total  organic  carbon 

0.06  U 

% 

C02C0UL 
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TABLE  B.4 
SOIL  GAS  DATA 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Sample  Interval 
(ft  bgs:  begin-end) 

Analyte 

Result 

Units 

Analytical 

Method 

VW-1 

Sep-95 

3.5  -  11 

Benzene 

1,300 

ppmv 

TO-3 

Toluene 

910 

ppmv 

TO-3 

Ethylbenzene 

62 

ppmv 

TO-3 

Xylenes 

120 

ppmv 

TO-3 

TVH 

180,000 

ppmv 

TO-3 

VW-2 

Sep-95 

3.4  -  10.9 

Benzene 

1,300 

ppmv 

TO-3 

Toluene 

2,000 

ppmv 

TO-3 

Ethylbenzene 

200 

ppmv 

TO-3 

Xylenes 

410 

ppmv 

TO-3 

TVH 

100,000 

ppmv 

TO-3 

SV-2 

Sep-95 

4.5  -  7.5 

Benzene 

310 

ppmv 

TO-3 

Toluene 

200 

ppmv 

TO-3 

Ethylbenzene 

9 

ppmv 

TO-3 

Xylenes 

15 

ppmv 

TO-3 

TVH 

28,000 

ppmv 

TO-3 

SV-7 

Sep-95 

5  -  10 

Benzene 

800 

ppmv 

TO-3 

Toluene 

1,000 

ppmv 

TO-3 

Ethylbenzene 

150 

ppmv 

TO-3 

Xylenes 

280 

ppmv 

TO-3 

TVH 

64,000 

ppmv 

TO-3 

VW-1 

20-Oct-95 

3.5  -  11 

o2 

0 

% 

FIELD 

C02 

>25 

% 

FIELD 

TVH 

>13,000 

ppmv 

FIELD 

VW-2 

20-Oct-95 

3.4  -  10.9 

o2 

2 

% 

FIELD 

co2 

>25 

% 

FIELD 

TVH 

>13,000 

ppmv 

FIELD 

SV-1 

20-Oct-95 

5  -  8 

o2 

0 

% 

FIELD 

co2 

23 

% 

FIELD 

TVH 

>13,000 

ppmv 

FIELD 

SV-3 

20-Oct-95 

4.5  -  7.5 

o2 

0 

% 

FIELD 

C02 

>25 

% 

FIELD 

TVH 

>13,000 

ppmv 

FIELD 

SV-5 

20-Oct-95 

5  -  10 

o2 

0 

% 

FIELD 

co2 

>25 

% 

FIELD 

TVH 

>13,000 

ppmv 

FIELD 

SV-6 

20-Oct-95 

5  -  10 

o2 

0 

% 

FIELD 

C02 

>25 

% 

FIELD 

TVH 

>13,000 

ppmv 

FIELD 
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TABLE  B.4 
SOIL  GAS  DATA 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Sample  Interval 
(ft  bgs:  begin-end)  Analyte 

Result 

Units 

Analytical 

Method 

SV-7 

20-Oct-95 

5  -  10 

02 

0 

% 

FIELD 

C02 

>25 

% 

FIELD 

TVH 

>13,000 

ppmv 

FIELD 

SV-8 

20-Oct-95 

5  -  10 

O2 

0 

% 

FIELD 

C02 

23 

% 

FIELD 

TVH 

6,000 

ppmv 

FIELD 

SV-1 

7-Nov-95 

5  -  8 

02 

18 

% 

FIELD 

C02 

2 

% 

FIELD 

TVH 

20 

ppmv 

FIELD 

SV-2 

7-Nov-95 

4.5  -  7.5 

O2 

1 

% 

FIELD 

C02 

16 

% 

FIELD 

TVH 

>13,000 

ppmv 

FIELD 

SV-3 

7-Nov-95 

4.5  -  7.5 

O2 

1 

% 

FIELD 

C02 

17 

% 

FIELD 

TVH 

9,500 

ppmv 

FIELD 

SV-6 

13-Nov-95 

5  -  10 

02 

0 

% 

FIELD 

C02 

12 

% 

FIELD 

TVH 

>20,000 

ppmv 

FIELD 

SV-7 

13-Nov-95 

5  -  10 

02 

16 

% 

FIELD 

C02 

3 

% 

FIELD 

TVH 

1,400 

ppmv 

FIELD 

SV-8 

13-Nov-95 

5  -  10 

O2 

20 

% 

FIELD 

C02 

1 

% 

FIELD 

TVH 

150 

ppmv 

FIELD 

SV-5 

24-Jan-96 

5  -  10 

02 

12 

% 

FIELD 

C02 

4 

% 

FIELD 

TVH 

>10,000 

ppmv 

FIELD 

SV-6 

24-Jan-96 

5  -  10 

02 

18 

% 

FIELD 

C02 

1 

% 

FIELD 

TVH 

3,100 

ppmv 

FIELD 

SV-7 

24-Jan-96 

5  -  10 

02 

20 

% 

FIELD 

C02 

1 

% 

FIELD 

TVH 

1,000 

ppmv 

FIELD 

SV-8 

24-Jan-96 

5  -  10 

O2 

21 

% 

FIELD 

C02 

1 

% 

FIELD 

TVH 

38 

ppmv 

FIELD 
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TABLE  B.5 

GROUNDWATER  DATA  FOR  VOLATILE  ORGANIC  COMPOUNDS 

AND  FUEL  CARBON 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MW-01 

1/95 

Benzene 

1.13 

ug/L 

RSKSOP-133 

MW-01 

1/95 

Toluene 

1.00  U 

ug/L 

RSKSOP-133 

MW-01 

1/95 

Ethylbenzene 

1.00  U 

ug/L 

RSKSOP-133 

MW-01 

1/95 

p-Xylene 

1.29 

ug/L 

RSKSOP-133 

MW-01 

1/95 

m-Xylene 

2.67 

ug/L 

RSKSOP-133 

MW-01 

1/95 

o-Xylene 

ND 

ug/L 

RSKSOP-133 

MW-02 

1/95 

Benzene 

29.90 

ug/L 

RSKSOP-133 

MW-02 

1/95 

Toluene 

1.24 

ug/L 

RSKSOP-133 

MW-02 

1/95 

Ethylbenzene 

1.28 

ug/L 

RSKSOP-133 

MW-02 

1/95 

p-Xylene 

'  1.18 

ug/L 

RSKSOP-133 

MW-02 

1/95 

m-Xylene 

1.84 

ug/L 

RSKSOP-133 

MW-02 

1/95 

o-Xylene 

1.18 

ug/L 

RSKSOP-133 

MW-03 

1/95 

Benzene 

1.00  U 

ug/L 

RSKSOP-133 

MW-03 

1/95 

Toluene 

ND 

ug/L 

RSKSOP-133 

MW-03 

1/95 

Ethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-03 

1/95 

p-Xylene 

ND 

ug/L 

RSKSOP-133 

MW-03 

1/95 

m-Xylene 

1.38 

ug/L 

RSKSOP-133 

MW-03 

1/95 

o-Xylene 

ND 

ug/L 

RSKSOP-133 

MW-04 

1/95 

Benzene 

3.82 

ug/L 

RSKSOP-133 

MW-04 

1/95 

Toluene 

1.00  U 

ug/L 

RSKSOP-133 

MW-04 

1/95 

Ethylbenzene 

4.11 

ug/L 

RSKSOP-133 

MW-04 

1/95 

p-Xylene 

0.99 

ug/L 

RSKSOP-133 

MW-04 

1/95 

m-Xylene 

1.21 

ug/L 

RSKSOP-133 

MW-04 

1/95 

o-Xylene 

1.00  U 

ug/L 

RSKSOP-133 

MW-05 

1/95 

Benzene 

4.06 

ug/L 

RSKSOP-133 

MW-05 

1/95 

Toluene 

ND 

ug/L 

RSKSOP-133 

MW-05 

1/95 

Ethylbenzene 

1.00  U 

ug/L 

RSKSOP-133 

MW-05 

1/95 

p-Xylene 

ND 

ug/L 

RSKSOP-133 

MW-05 

1/95 

m-Xylene 

0.99 

ug/L 

RSKSOP-133 

MW-05 

1/95 

o-Xylene 

ND 

ug/L 

RSKSOP-133 

MW-111 

1/95 

Benzene 

1.00  U 

ug/L 

RSKSOP-133 

MW-111 

1/95 

Toluene 

ND 

ug/L 

RSKSOP-133 

MW-111 

1/95 

Ethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-111 

1/95 

p-Xylene 

ND 

ug/L 

RSKSOP-133 

MW-111 

1/95 

m-Xylene 

0.92 

ug/L 

RSKSOP-133 

MW-111 

1/95 

o-Xylene 

ND 

ug/L 

RSKSOP-133 

MW-111  Dup 

1/95 

Benzene 

1.00  U 

ug/L 

RSKSOP-133 

MW-111  Dup 

1/95 

Toluene 

1.00  U 

ug/L 

RSKSOP-133 

K:\MYRTLE\DATABASE\B5.XLS 


TABLE  B.5 

GROUNDWATER  DATA  FOR  VOLATILE  ORGANIC  COMPOUNDS 

AND  FUEL  CARBON 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MW-lll  Dup 

1/95 

Ethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-111  Dup 

1/95 

p-Xylene 

ND 

ug/L 

RSKSOP-133 

MW-lll  Dup 

1/95 

m-Xylene 

0.94 

ug/L 

RSKSOP-133 

MW-111  Dup 

1/95 

o-Xylene 

ND 

ug/L 

RSKSOP-133 

MW-112 

1/95 

Benzene 

5430.00 

ug/L 

RSKSOP-133 

MW-112 

1/95 

Toluene 

23400.00 

ug/L 

RSKSOP-133 

MW-112 

1/95 

Ethylbenzene 

2430.00 

ug/L 

RSKSOP-133 

MW-112 

1/95 

p-Xylene 

3.07 

ug/L 

RSKSOP-133 

MW-112 

1/95 

m-Xylene 

6450.00 

ug/L 

RSKSOP-133 

MW-112 

1/95 

o-Xylene 

4390.00 

ug/L 

RSKSOP-133 

MW-113 

1/95 

Benzene 

773.00 

ug/L 

RSKSOP-133 

MW-113 

1/95 

Toluene 

379.00 

ug/L 

RSKSOP-133 

MW-113 

1/95 

Ethylbenzene 

117.00 

ug/L 

RSKSOP-133 

MW-113 

1/95 

p-Xylene 

69.50 

ug/L 

RSKSOP-133 

MW-113 

1/95 

m-Xylene 

78.30 

ug/L 

RSKSOP-133 

MW-113 

1/95 

o-Xylene 

116.00 

ug/L 

RSKSOP-133 

MOC-02 

1/95 

Benzene 

5.75 

ug/L 

RSKSOP-133 

MOC-02 

1/95 

Toluene 

62.10 

ug/L 

RSKSOP-133 

MOC-02 

1/95 

Ethylbenzene 

10.30 

ug/L 

RSKSOP-133 

MOC-02 

1/95 

p-Xylene 

9.98 

ug/L 

RSKSOP-133 

MOC-02 

1/95 

m-Xylene 

20.40 

ug/L 

RSKSOP-133 

MOC-02 

1/95 

o-Xylene 

13.20 

ug/L 

RSKSOP-133 

MOC-03 

1/95 

Benzene 

4.48 

ug/L 

RSKSOP-133 

MOC-03 

1/95 

Toluene 

28.90 

ug/L 

RSKSOP-133 

MOC-03 

1/95 

Ethylbenzene 

6.28 

ug/L 

RSKSOP-133 

MOC-03 

1/95 

p-Xylene 

6.15 

ug/L 

RSKSOP-133 

MOC-03 

1/95 

m-Xylene 

12.40 

ug/L 

RSKSOP-133 

MOC-03 

1/95 

o-Xylene 

8.22 

ug/L 

RSKSOP-133 

MOC-04 

1/95 

Benzene 

290.00 

ug/L 

RSKSOP-133 

MOC-04 

1/95 

Toluene 

671.00 

ug/L 

RSKSOP-133 

MOC-04 

1/95 

Ethylbenzene 

72.10 

ug/L 

RSKSOP-133 

MOC-04 

1/95 

p-Xylene 

72.80 

ug/L 

RSKSOP-133 

MOC-04 

1/95 

m-Xylene 

187.00 

ug/L 

RSKSOP-133 

MOC-04 

1/95 

o-Xylene 

118.00 

ug/L 

RSKSOP-133 

MOC-08 

1/95 

Benzene 

48.30 

ug/L 

RSKSOP-133 

MOC-08 

1/95 

Toluene 

23.50 

ug/L 

RSKSOP-133 

MOC-08 

1/95 

Ethylbenzene 

6.45 

ug/L 

RSKSOP-133 

MOC-08 

1/95 

p-Xylene 

5.55 

ug/L 

RSKSOP-133 
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TABLE  B.5 

GROUNDWATER  DATA  FOR  VOLATILE  ORGANIC  COMPOUNDS 

AND  FUEL  CARBON 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MOC-08 

1/95 

m-Xylene 

10.80 

ug/L 

RSKSOP-133 

MOC-08 

1/95 

o-Xylene 

7.05 

ug/L 

RSKSOP-133 

MOC-08  Dup 

1/95 

Benzene 

46.30 

ug/L 

RSKSOP-133 

MOC-08  Dup 

1/95 

Toluene 

20.80 

ug/L 

RSKSOP-133 

MOC-08  Dup 

1/95 

Ethylbenzene 

7.81 

ug/L 

RSKSOP-133 

MOC-08  Dup 

1/95 

p-Xylene 

5.20 

ug/L 

RSKSOP-133 

MOC-08  Dup 

1/95 

m-Xylene 

10.70 

ug/L 

RSKSOP-133 

MOC-08  Dup 

1/95 

o-Xylene 

6.69 

ug/L 

RSKSOP-133 

MOC-08 

1/95 

Benzene 

1.68 

ug/L 

RSKSOP-133 

MOC-08 

1/95 

Toluene 

15.70 

ug/L 

RSKSOP-133 

MOC-08 

1/95 

Ethylbenzene 

4.51 

ug/L 

RSKSOP-133 

MOC-08 

1/95 

p-Xylene 

4.49 

ug/L 

RSKSOP-133 

MOC-08 

1/95 

m-Xylene 

8.85 

ug/L 

RSKSOP-133 

MOC-08 

1/95 

o-Xylene 

5.84 

ug/L 

RSKSOP-133 

MOC-11 

1/95 

Benzene 

12.10 

ug/L 

RSKSOP-133 

MOC-11 

1/95 

Toluene 

17.50 

ug/L 

RSKSOP-133 

MOC-11 

1/95 

Ethylbenzene 

4.70 

ug/L 

RSKSOP-133 

MOC-11 

1/95 

p-Xylene 

5.13 

ug/L 

RSKSOP-133 

MOC-11 

1/95 

m-Xylene 

10.80 

ug/L 

RSKSOP-133 

MOC-1 1 

1/95 

o-Xylene 

6.41 

ug/L 

RSKSOP-133 

MOV-Ol-3 

1/95 

Benzene 

5960.00 

ug/L 

RSKSOP-133 

MOV-Ol-3 

1/95 

Toluene 

19400.00 

ug/L 

RSKSOP-133 

MOV-Ol-3 

1/95 

Ethylbenzene 

2690.00 

ug/L 

RSKSOP-133 

MOV-Ol-3 

1/95 

p-Xylene 

1980.00 

ug/L 

RSKSOP-133 

MOV-Ol-3 

1/95 

m-Xylene 

4040.00 

ug/L 

RSKSOP-133 

MOV-Ol-3 

1/95 

o-Xylene 

3020.00 

ug/L 

RSKSOP-133 

MOC-05 

1/95 

Benzene 

4850.00 

ug/L 

RSKSOP-133 

MOC-05 

1/95 

Toluene 

6800.00 

ug/L 

RSKSOP-133 

MOC-05 

1/95 

Ethylbenzene 

912.00 

ug/L 

RSKSOP-133 

MOC-05 

1/95 

p-Xylene 

860.00 

ug/L 

RSKSOP-133 

MOC-05 

1/95 

m-Xylene 

1540.00 

ug/L 

RSKSOP-133 

MOC-05 

1/95 

o-Xylene 

1140.00 

ug/L 

RSKSOP-133 

MW-01 

1/95 

1 ,3,5-Trimethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-01 

1/95 

1 ,2,4-Trimethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-01 

1/95 

1 ,2,3-Trimethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-01 

1/95 

1 ,2,4,5-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-01 

1/95 

1,2,3,5-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-01 

1/95 

1 ,2,3,4-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 
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TABLE  B.5 

GROUNDWATER  DATA  FOR  VOLATILE  ORGANIC  COMPOUNDS 

AND  FUEL  CARBON 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MW-01 

1/95 

FUEL  CARBON 

41.40 

ug/L 

RSKSOP-133 

MW-02 

1/95 

1 ,3 ,5-Trimethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-02 

1/95 

1 ,2,4-Trimethylbenzene 

1.76 

ug/L 

RSKSOP-133 

MW-02 

1/95 

1 ,2,3-Trimethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-02 

1/95 

1 ,2,4,5-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-02 

1/95 

1,2,3,5-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-02 

1/95 

1,2,3,4-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-02 

1/95 

FUEL  CARBON 

140.00 

ug/L 

RSKSOP-133 

MW-03 

1/95 

1 ,3,5-Trimethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-03 

1/95 

1 ,2,4-Trimethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-03 

1/95 

1 ,2,3-Trimethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-03 

1/95 

1 ,2,4,5-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-03 

1/95 

1,2,3,5-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-03 

1/95 

1 ,2,3,4-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-03 

1/95 

FUEL  CARBON 

3.76 

ug/L 

RSKSOP-133 

MW-04 

1/95 

1 ,3,5-Trimethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-04 

1/95 

1 ,2,4-Trimethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-04 

1/95 

1 ,2,3-Trimethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-04 

1/95 

1 ,2,4,5-Tetramethylbenzene 

1.16 

ug/L 

RSKSOP-133 

MW-04 

1/95 

1,2,3,5-Tetramethylbenzene 

1.07 

ug/L 

RSKSOP-133 

MW-04 

1/95 

1,2,3,4-Tetramethylbenzene 

1.35 

ug/L 

RSKSOP-133 

MW-04 

1/95 

FUEL  CARBON 

107.00 

ug/L 

RSKSOP-133 

MW-05 

1/95 

1 ,3,5-Trimethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-05 

1/95 

1 ,2,4-Trimethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-05 

1/95 

1 ,2,3-Trimethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-05 

1/95 

1 ,2,4,5-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-05 

1/95 

1 ,2,3,5-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-05 

1/95 

1,2,3,4-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-05 

1/95 

FUEL  CARBON 

41.00 

ug/L 

RSKSOP-133 

MW-111 

1/95 

1,3,5-Trimethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-111 

1/95 

1 ,2,4-Trimethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-111 

1/95 

1 ,2,3-Trimethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-111 

1/95 

1 ,2,4,5-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-111 

1/95 

1 ,2,3,5-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-111 

1/95 

1 ,2,3,4-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-111 

1/95 

FUEL  CARBON 

1.00  u 

ug/L 

RSKSOP-133 

MW-111  Dup 

1/95 

1 ,3,5-Trimethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-111  Dup 

1/95 

1 ,2,4-Trimethylbenzene 

ND 

ug/L 

RSKSOP-133 
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TABLE  B.5 

GROUNDWATER  DATA  FOR  VOLATILE  ORGANIC  COMPOUNDS 

AND  FUEL  CARBON 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MW-lll  Dup 

1/95 

1 ,2,3-Trimethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-111  Dup 

1/95 

1 ,2,4,5 -Tetram  ethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-lll  Dup 

1/95 

1 ,2,3,5-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-111  Dup 

1/95 

1 ,2,3,4-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MW-lll  Dup 

1/95 

FUEL  CARBON 

1.00  U 

ug/L 

RSKSOP-133 

MW-112 

1/95 

1 ,3 ,5-Trimethy  lbenzene 

622.00 

ug/L 

RSKSOP-133 

MW-112 

1/95 

1 ,2,4-Trimethylbenzene 

2950.00 

ug/L 

RSKSOP-133 

MW-112 

1/95 

1 ,2,3-Trimethylbenzene 

881.00 

ug/L 

RSKSOP-133 

MW-112 

1/95 

1 ,2,4,5-Tetramethylbenzene 

76.40 

ug/L 

RSKSOP-133 

MW-112 

1/95 

1 ,2,3,5  -Tetram  ethylbenzene 

134.00 

ug/L 

RSKSOP-133 

MW-112 

1/95 

1,2,3,4-Tetramethylbenzene 

74.40 

ug/L 

RSKSOP-133 

MW-112 

1/95 

FUEL  CARBON 

47700.00 

ug/L 

RSKSOP-133 

MW-113 

1/95 

1 ,3 ,5-Trimethylbenzene 

21.20 

ug/L 

RSKSOP-133 

MW-113 

1/95 

1 ,2,4-Trimethylbenzene 

113.00 

ug/L 

RSKSOP-133 

MW-113 

1/95 

1 ,2,3-Trimethylbenzene 

41.00 

ug/L 

RSKSOP-133 

MW-113 

1/95 

1 ,2,4,5-Tetramethylbenzene 

6.19 

ug/L 

RSKSOP-133 

MW-113 

1/95 

1,2, 3, 5-Tetramethy  lbenzene 

8.91 

ug/L 

RSKSOP-133 

MW-113 

1/95 

1 ,2,3 ,4-Tetramethy  lbenzene 

4.50 

ug/L 

RSKSOP-133 

MW-113 

1/95 

FUEL  CARBON 

2090.00 

ug/L 

RSKSOP-133 

MOC-02 

1/95 

1 ,3,5-Trimethylbenzene 

4.19 

ug/L 

RSKSOP-133 

MOC-02 

1/95 

1 ,2,4-Trimethylbenzene 

11.00 

ug/L 

RSKSOP-133 

MOC-02 

1/95 

1 ,2,3-Trimethylbenzene 

4.31 

ug/L 

RSKSOP-133 

MOC-02 

1/95 

1 ,2,4,5-Tetramethylbenzene 

BLQ 

ug/L 

RSKSOP-133 

MOC-02 

1/95 

1 ,2,3,5-Tetramethylbenzene 

BLQ 

ug/L 

RSKSOP-133 

MOC-02 

1/95 

1 ,2,3,4-Tetramethylbenzene 

BLQ 

ug/L 

RSKSOP-133 

MOC-02 

1/95 

FUEL  CARBON 

152.00 

ug/L 

RSKSOP-133 

MOC-03 

1/95 

1 ,3 ,5  -Trimethy  lbenzene 

3.22 

ug/L 

RSKSOP-133 

MOC-03 

1/95 

1 ,2,4-Trimethylbenzene 

7.34 

ug/L 

RSKSOP-133 

MOC-03 

1/95 

1 ,2,3-Trimethylbenzene 

3.02 

ug/L 

RSKSOP-133 

MOC-03 

1/95 

1 ,2,4,5-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MOC-03 

1/95 

1 ,2,3,5-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MOC-03 

1/95 

1,2,3,4-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MOC-03 

1/95 

FUEL  CARBON 

90.60 

ug/L 

RSKSOP-133 

MOC-04 

1/95 

1 ,3,5-Trimethylbenzene 

28.80 

ug/L 

RSKSOP-133 

MOC-04 

1/95 

1 ,2,4-Trimethylbenzene 

125.00 

ug/L 

RSKSOP-133 

MOC-04 

1/95 

1 ,2,3-Trimethylbenzene 

37.70 

ug/L 

RSKSOP-133 

MOC-04 

1/95 

1 ,2,4,5-Tetramethylbenzene 

5.07 

ug/L 

RSKSOP-133 

MOC-04 

1/95 

1 ,2,3,5-Tetramethylbenzene 

10.70 

ug/L 

RSKSOP-133 
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TABLE  B.5 

GROUNDWATER  DATA  FOR  VOLATILE  ORGANIC  COMPOUNDS 

AND  FUEL  CARBON 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MOC-04 

1/95 

1 ,2,3,4-Tetramethylbenzene 

4.74 

ug/L 

RSKSOP-133 

MOC-04 

1/95 

FUEL  CARBON 

1910.00 

ug/L 

RSKSOP-133 

MOC-8 

1/95 

1,3,5-Trimethylbenzene 

3.19 

ug/L 

RSKSOP-133 

MOC-8 

1/95 

1 ,2,4-Trimethylbenzene 

7.35 

ug/L 

RSKSOP-133 

MOC-8 

1/95 

1 ,2,3-Trimethylbenzene 

2.88 

ug/L 

RSKSOP-133 

MOC-8 

1/95 

1 ,2,4,5-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MOC-8 

1/95 

1,2,3,5-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MOC-8 

1/95 

1,2,3,4-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MOC-8 

1/95 

FUEL  CARBON 

245.00 

ug/L 

RSKSOP-133 

MOC-8  Dup 

1/95 

1,3,5-Trimethylbenzene 

3.05 

ug/L 

RSKSOP-133 

MOC-8  Dup 

1/95 

1 ,2,4-Trimethylbenzene 

6.85 

ug/L 

RSKSOP-133 

MOC-8  Dup 

1/95 

1 ,2,3-Trimethylbenzene 

2.58 

ug/L 

RSKSOP-133 

MOC-8  Dup 

1/95 

1 ,2,4,5-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MOC-8  Dup 

1/95 

1 ,2,3,5-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MOC-8  Dup 

1/95 

1 ,2,3,4-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MOC-8  Dup 

1/95 

FUEL  CARBON 

231.00 

ug/L 

RSKSOP-133 

MOC-08 

1/95 

1,3,5-Trimethylbenzene 

2.90 

ug/L 

RSKSOP-133 

MOC-08 

1/95 

1 ,2,4-Trimethylbenzene 

6.02 

ug/L 

RSKSOP-133 

MOC-08 

1/95 

1 ,2,3-Trimethylbenzene 

2.64 

ug/L 

RSKSOP-133 

MOC-08 

1/95 

1 ,2,4,5-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MOC-08 

1/95 

1 ,2,3,5-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MOC-08 

1/95 

1 ,2,3,4-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MOC-08 

1/95 

FUEL  CARBON 

58.70 

ug/L 

RSKSOP-133 

MOC-11 

1/95 

1 ,3,5-Trimethylbenzene 

3.62 

ug/L 

RSKSOP-133 

MOC-11 

1/95 

1 ,2,4-Trimethylbenzene 

9.10 

ug/L 

RSKSOP-133 

MOC-11 

1/95 

1 ,2,3-Trimethylbenzene 

3.36 

ug/L 

RSKSOP-133 

MOC-11 

1/95 

1 ,2,4,5-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MOC-11 

1/95 

1,2,3,5-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MOC-11 

1/95 

1,2,3,4-Tetramethylbenzene 

ND 

ug/L 

RSKSOP-133 

MOC-11 

1/95 

FUEL  CARBON 

105.00 

ug/L 

RSKSOP-133 

MOV-Ol-3 

1/95 

1 ,3,5-Trimethylbenzene 

378.00 

ug/L 

RSKSOP-133 

MOV-Ol-3 

1/95 

1 ,2,4-Trimethylbenzene 

1580.00 

ug/L 

RSKSOP-133 

MOV-Ol-3 

1/95 

1 ,2,3-Trimethylbenzene 

513.00 

ug/L 

RSKSOP-133 

MOV-Ol-3 

1/95 

1 ,2,4,5-Tetramethylbenzene 

45.00 

ug/L 

RSKSOP-133 

MOV-Ol-3 

1/95 

1 ,2,3,5-Tetramethylbenzene 

73.30 

ug/L 

RSKSOP-133 

MOV-Ol-3 

1/95 

1 ,2,3,4-Tetramethylbenzene 

38.80 

ug/L 

RSKSOP-133 

MOV-Ol-3 

1/95 

FUEL  CARBON 

37100.00 

ug/L 

RSKSOP-133 

MOC-05 

1/95 

1 ,3,5-Trimethylbenzene 

209.00 

ug/L 

RSKSOP-133 
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TABLE  B.5 

GROUNDWATER  DATA  FOR  VOLATILE  ORGANIC  COMPOUNDS 

AND  FUEL  CARBON 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MOC-05 

1/95 

1 ,2,4-TrimethyIbenzene 

950.00 

ug/L 

RSKSOP-133 

MOC-05 

1/95 

1,2,3-Trimethylbenzene 

291.00 

ug/L 

RSKSOP-133 

MOC-05 

1/95 

1 ,2,4,5-Tetramethy  lbenzene 

31.80 

ug/L 

RSKSOP-133 

MOC-05 

1/95 

1,2,3,5-Tetramethylbenzene 

53.30 

ug/L 

RSKSOP-133 

MOC-05 

1/95 

1,2, 3 ,4-Tetramethy  lbenzene 

29.40 

ug/L 

RSKSOP-133 

MOC-05 

1/95 

FUEL  CARBON 

15800.00 

ug/L 

RSKSOP-133 
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TABLE  B.6 

GROUNDWATER  DATA  FOR  VOLATILE  ORGANIC  COMPOUNDS 

AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

AS-01 

29-Aug-95 

1 ,2,3 ,4-Tetramethylbenzene 

0.5  U 

ug/l 

E602 

AS-01 

29-Aug-95 

1 ,2, 3-Trim  ethylbenzene 

5.4 

ug/1 

E602 

AS-01 

29-Aug-95 

1 ,2,4-Trimethylbenzene 

19 

ug/l 

E602 

AS-01 

29-Aug-95 

1 ,3 ,5-Trimethylbenzene 

4.1 

ug/1 

E602 

AS-01 

29-Aug-95 

Benzene 

15 

ug/l 

E602 

AS-01 

29-Aug-95 

Chlorobenzene 

0.4  U 

ug/1 

E602 

AS-01 

29-Aug-95 

Ethylbenzene 

13 

ug/1 

E602 

AS-01 

29-Aug-95 

Toluene 

47 

ug/1 

E602 

AS-01 

29-Aug-95 

Xylene  (total) 

48 

ug/1 

E602 

AS-02 

31 -Aug-95 

1 ,2,3,4-Tetramethylbenzene 

10  U 

ug/1 

E602 

AS-02 

31 -Aug-95 

1 ,2,3  -Trimethylbenzene 

13 

ug/1 

E602 

AS-02 

31-Aug-95 

1 ,2,4-Trimethylbenzene 

53 

Ug/1 

E602 

AS-02 

31 -Aug-95 

1 ,3,5-Trimethylbenzene 

7.8 

Ug/1 

E602 

AS-02 

31 -Aug-95 

Benzene 

600 

Ug/1 

E602 

AS-02 

31 -Aug-95 

Chlorobenzene 

4  U 

ug/1 

E602 

AS-02 

31 -Aug-95 

Ethylbenzene 

77 

ug/1 

E602 

AS-02 

31 -Aug-95 

Toluene 

350 

Ug/1 

E602 

AS-02 

31 -Aug-95 

Xylene  (total) 

160 

Ug/1 

E602 

MOC-02 

28-Aug-95 

1 ,2,3,4-Tetramethylbenzene 

0.5  U 

Ug/1 

E602 

MOC-02 

28-Aug-95 

1 ,2,3-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-02 

28-Aug-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-02 

28-Aug-95 

1 ,3,5-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-02 

28-Aug-95 

Benzene 

1.6 

Ug/1 

E602 

MOC-02 

28-Aug-95 

Chlorobenzene 

0.4  U 

Ug/1 

E602 

MOC-02 

28-Aug-95 

Ethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-02 

28-Aug-95 

Toluene 

0.4  U 

Ug/1 

E602 

MOC-02 

28-Aug-95 

Xylene  (total) 

0.4  U 

Ug/1 

E602 

MOC-03 

1 -Sep-95 

1 ,2,3,4-Tetramethylbenzene 

1  U 

Ug/1 

E602 

MOC-03 

1 -Sep-95 

1 ,2,3-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-03 

l-Sep-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-03 

1 -Sep-95 

1 ,3,5-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-03 

1 -Sep-95 

Benzene 

2.8 

Ug/1 

E602 

MOC-03 

1 -Sep-95 

Chlorobenzene 

0.4  U 

Ug/1 

E602 

MOC-03 

l-Sep-95 

Ethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-03 

1 -Sep-95 

Toluene 

0.4  U 

Ug/1 

E602 

MOC-03 

l-Sep-95 

Xylene  (total) 

0.4  U 

Ug/1 

E602 

MOC-04 

l-Sep-95 

1 ,2,3,4-Tetramethylbenzene 

1  U 

Ug/1 

E602 

MOC-04 

l-Sep-95 

1 ,2,3-Trimethylbenzene 

2.1 

Ug/1 

E602 

MOC-04 

l-Sep-95 

1 ,2,4-Trimethylbenzene 

7.2 

Ug/1 

E602 
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TABLE  B.6 

GROUNDWATER  DATA  FOR  VOLATILE  ORGANIC  COMPOUNDS 

AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MOC-04 

1 -Sep-95 

1 ,3,5-Trimethylbenzene 

i 

ug/1 

E602 

MOC-04 

1 -Sep-95 

Benzene 

80 

ug/1 

E602 

MOC-04 

1 -Sep-95 

Chlorobenzene 

0.4  U 

Ug/l 

E602 

MOC-04 

1 -Sep-95 

Ethylbenzene 

9.1 

ug/1 

E602 

MOC-04 

1 -Sep-95 

Toluene 

120 

Ug/l 

E602 

MOC-04 

1 -Sep-95 

Xylene  (total) 

47 

Ug/1 

E602 

MOC-05 

29-Aug-95 

1,2,3,4-Tetramethylbenzene 

18 

Ug/1 

E602 

MOC-05 

29-Aug-95 

1 ,2,3-Trimethylbenzene 

160 

Ug/1 

E602 

MOC-05 

29-Aug-95 

1 ,2,4-Trimethylbenzene 

510 

Ug/1 

E602 

MOC-05 

29-Aug-95 

1,3,5-Trimethylbenzene 

100 

Ug/l 

E602 

MOC-05 

29-Aug-95 

Benzene 

3900 

Ug/1 

E602 

MOC-05 

29-Aug-95 

Chlorobenzene 

10 

Ug/I 

E602 

MOC-05 

29-Aug-95 

Ethylbenzene 

450 

Ug/1 

E602 

MOC-05 

29-Aug-95 

Toluene 

5200 

Ug/1 

E602 

MOC-05 

29-Aug-95 

Xylene  (total) 

2600 

ug/1 

E602 

MOC-07 

29-Aug-95 

1,2,3,4-Tetramethylbenzene 

0.5  U 

ug/1 

E602 

MOC-07 

29-Aug-95 

1 ,2,3-Trimethylbenzene 

1.9 

Ug/1 

E602 

MOC-07 

29-Aug-95 

1 ,2,4-Trimethylbenzene 

2.7 

Ug/1 

E602 

MOC-07 

29-Aug-95 

1 ,3 ,5-Trimethy  lbenzene 

1.5 

ug/I 

E602 

MOC-07 

29-Aug-95 

Benzene 

40 

Ug/1 

E602 

MOC-07 

29-Aug-95 

Chlorobenzene 

0.4  U 

Ug/1 

E602 

MOC-07 

29-Aug-95 

Ethylbenzene 

2.5 

ug/1 

E602 

MOC-07 

29-Aug-95 

Toluene 

8.3 

Ug/1 

E602 

MOC-07 

29-Aug-95 

Xylene  (total) 

8.2 

Ug/1 

E602 

MOC-08 

28-Aug-95 

1 ,2,3,4-Tetramethylbenzene 

0.5  U 

Ug/1 

E602 

MOC-08 

28-Aug-95 

1 ,2,3-Trimethylbenzene 

1.6 

Ug/1 

E602 

MOC-08 

28-Aug-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-08 

28-Aug-95 

1 ,3,5-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-08 

28-Aug-95 

Benzene 

0.4  U 

Ug/1 

E602 

MOC-08 

28-Aug-95 

Chlorobenzene 

1.4 

Ug/1 

E602 

MOC-08 

28-Aug-95 

Ethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-08 

28-Aug-95 

Toluene 

0.4  U 

ug/1 

E602 

MOC-08 

28-Aug-95 

Xylene  (total) 

0.4  U 

ug/1 

E602 

MOC-IO 

29-Aug-95 

1,2,3,4-Tetramethylbenzene 

5  U 

Ug/1 

E602 

MOC-IO 

29-Aug-95 

1,2,3-Trimethylbenzene 

32 

ug/1 

E602 

MOC-IO 

29-Aug-95 

1 ,2,4-Trimethylbenzene 

36 

Ug/1 

E602 

MOC-IO 

29-Aug-95 

1 ,3,5-Trimethylbenzene 

17 

ug/l 

E602 

MOC-IO 

29-Aug-95 

Benzene 

330 

Ug/1 

E602 

MOC-IO 

29-Aug-95 

Chlorobenzene 

4  U 

Ug/1 

E602 
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TABLE  B.6 

GROUNDWATER  DATA  FOR  VOLATILE  ORGANIC  COMPOUNDS 

AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MOC-IO 

29-Aug-95 

Ethylbenzene 

140 

ug/l 

E602 

MOC-IO 

29-Aug-95 

Toluene 

57 

ug/1 

E602 

MOC-IO 

29-Aug-95 

Xylene  (total) 

100 

Ug/l 

E602 

MOC-11 

31 -Aug-95 

1 ,2,3,4-Tetramethylbenzene 

1  U 

Ug/1 

E602 

MOC-11 

31-Aug-95 

1 ,2,3-TrimethyIbenzene 

0.4  U 

Ug/l 

E602 

MOC-11 

31 -Aug-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-11 

31 -Aug-95 

1,3,5-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-1 1 

31-Aug-95 

Benzene 

7.2 

Ug/1 

E602 

MOC-11 

31 -Aug-95 

Chlorobenzene 

0.4  U 

Ug/1 

E602 

MOC-11 

31 -Aug-95 

Ethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-11 

31 -Aug-95 

Toluene 

0.4  U 

Ug/1 

E602 

MOC-11 

31-Aug-95 

Xylene  (total) 

0.4  U 

Ug/1 

E602 

MOC-1 2 

29-Aug-95 

1 ,2,3,4-Tetramethylbenzene 

0.5  U 

Ug/1 

E602 

MOC-1 2 

29-Aug-95 

1,2,3-Trimethylbenzene 

1.5 

Ug/1 

E602 

MOC-12 

29-Aug-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-12 

29-Aug-95 

1,3,5-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-12 

29-Aug-95 

Benzene 

3.2 

Ug/i 

E602 

MOC-12 

29-Aug-95 

Chlorobenzene 

0.4  U 

Ug/1 

E602 

MOC-12 

29-Aug-95 

Ethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-12 

29-Aug-95 

Toluene 

0.4  U 

Ug/1 

E602 

MOC-12 

29-Aug-95 

Xylene  (total) 

0.4  U 

Ug/1 

E602 

MOC-1 3 

30-Aug-95 

1 ,2,3 ,4-Tetramethy  lbenzene 

0.5  U 

Ug/1 

E602 

MOC-1 3 

30-Aug-95 

1,2,3-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-1 3 

30-Aug-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-1 3 

30-Aug-95 

1 ,3 ,5-Trimethy  lbenzene 

0.4  U 

Ug/1 

E602 

MOC-1 3 

30-Aug-95 

Benzene 

0.4  U 

Ug/1 

E602 

MOC-1 3 

30-Aug-95 

Chlorobenzene 

0.4  U 

Ug/1 

E602 

MOC-1 3 

30-Aug-95 

Ethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-1 3 

30-Aug-95 

Toluene 

0.4  U 

Ug/1 

E602 

MOC-1 3 

30-Aug-95 

Xylene  (total) 

0.4  U 

Ug/1 

E602 

MOC-1 9 

30-Aug-95 

1 ,2,3 ,4-T  etramethy  lbenzene 

0.5  U 

Ug/1 

E602 

MOC-1 9 

30-Aug-95 

1,2,3-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-1 9 

30-Aug-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-1 9 

30-Aug-95 

1,3,5-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-1 9 

30-Aug-95 

Benzene 

0.4  U 

Ug/1 

E602 

MOC-1 9 

30-Aug-95 

Chlorobenzene 

0.4  U 

Ug/1 

E602 

MOC-1 9 

30-Aug-95 

Ethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-1 9 

30-Aug-95 

Toluene 

0.4  U 

Ug/1 

E602 

MOC-1 9 

30-Aug-95 

Xylene  (total) 

0.4  U 

Ug/1 

E602 
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TABLE  B.6 

GROUNDWATER  DATA  FOR  VOLATILE  ORGANIC  COMPOUNDS 

AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
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Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MOC-20 

30-Aug-95 

1 ,2,3,4-Tetramethylbenzene 

0.5  U 

Ug/I 

E602 

MOC-20 

30-Aug-95 

1 ,2,3-Trimethylbenzene 

0.4  U 

Ug/I 

E602 

MOC-20 

30-Aug-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-20 

30-Aug-95 

1 ,3 ,5-Trimethy  lbenzene 

0.4  U 

ug/1 

E602 

MOC-20 

30- Aug-95 

Benzene 

1.5 

Ug/1 

E602 

MOC-20 

30-Aug-95 

Chlorobenzene 

0.4  U 

Ug/1 

E602 

MOC-20 

30-Aug-95 

Ethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-20 

30-Aug-95 

Toluene 

0.4  U 

Ug/1 

E602 

MOC-20 

30- Aug-95 

Xylene  (total) 

0.4  U 

Ug/1 

E602 

MOC-21 

29-Aug-95 

1 ,2,3 ,4-T  etramethy  lbenzene 

0.5  U 

Ug/1 

E602 

MOC-21 

29-Aug-95 

1 ,2,3-Trimethylbenzene 

1.4 

Ug/1 

E602 

MOC-21 

29-Aug-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MOC-21 

29-Aug-95 

1,3,5-Trimethylbenzene 

0.4  U 

Ug/I 

E602 

MOC-21 

29-Aug-95 

Benzene 

1.7 

Ug/1 

E602 

MOC-21 

29-Aug-95 

Chlorobenzene 

0.4  U 

Ug/1 

E602 

MOC-21 

29-Aug-95 

Ethylbenzene 

0.4  U 

ug/1 

E602 

MOC-21 

29-Aug-95 

Toluene 

0.4  U 

Ug/1 

E602 

MOC-21 

29-Aug-95 

Xylene  (total) 

0.4  U 

ug/1 

E602 

MW-01 

1 -Sep-95 

1 ,2,3,4-Tetramethylbenzene 

1  U 

Ug/1 

E602 

MW-01 

1 -Sep-95 

1 ,2,3-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MW-01 

1 -Sep-95 

1,2,4-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MW-01 

1 -Sep-95 

1,3,5-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MW-01 

1 -Sep-95 

Benzene 

0.5 

Ug/1 

E602 

MW-01 

1 -Sep-95 

Chlorobenzene 

0.4  U 

ug/1 

E602 

MW-01 

1 -Sep-95 

Ethylbenzene 

0.4  U 

Ug/1 

E602 

MW-01 

1 -Sep-95 

Toluene 

0.4  U 

Ug/1 

E602 

MW-01 

1 -Sep-95 

Xylene  (total) 

0.4  U 

Ug/1 

E602 

MW-02 

28-Aug-95 

1,2,3,4-Tetramethylbenzene 

0.5  U 

Ug/1 

E602 

MW-02 

28-Aug-95 

1 ,2,3-Trimethylbenzene 

0.4  U 

Ug/I 

E602 

MW-02 

28-Aug-95 

1 ,2,4-Trimethylbenzene 

1.7 

Ug/1 

E602 

MW-02 

28-Aug-95 

1 ,3,5-Trimethylbenzene 

1.3 

Ug/1 

E602 

MW-02 

28-Aug-95 

Benzene 

87 

ug/1 

E602 

MW-02 

28-Aug-95 

Chlorobenzene 

1.9 

Ug/I 

E602 

MW-02 

28-Aug-95 

Ethylbenzene 

7.4 

Ug/1 

E602 

MW-02 

28-Aug-95 

Toluene 

11 

ug/1 

E602 

MW-02 

28-Aug-95 

Xylene  (total) 

9.9 

Ug/1 

E602 

MW-03 

30-Aug-95 

1 ,2,3,4-Tetramethylbenzene 

0.5  U 

Ug/1 

E602 

MW-03 

30-Aug-95 

1,2,3-TrimethyIbenzene 

1.4 

Ug/1 

E602 

MW-03 

30-Aug-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

Ug/I 

E602 
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MW-03 

30-Aug-95 

1 ,3,5-Trimethylbenzene 

0.4  U 

Ug/l 

E602 

MW-03 

30-Aug-95 

Benzene 

0.4  U 

ug/1 

E602 

MW-03 

30-Aug-95 

Chlorobenzene 

0.4  U 

Ug/l 

E602 

MW-03 

30-Aug-95 

Ethylbenzene 

0.4  U 

Ug/1 

E602 

MW-03 

30-Aug-95 

Toluene 

0.4  U 

Ug/l 

E602 

MW-03 

30-Aug-95 

Xylene  (total) 

0.4  U 

Ug/1 

E602 

MW-04 

30-Aug-95 

1 ,2,3 ,4-Tetramethylbenzene 

6 

Ug/1 

E602 

MW-04 

30-Aug-95 

1 ,2,3-Trimethylbenzene 

19 

Ug/1 

E602 

MW-04 

30-Aug-95 

1 ,2,4-Trimethylbenzene 

12 

Ug/1 

E602 

MW-04 

30-Aug-95 

1 ,3 ,5-Trimethylbenzene 

11 

Ug/1 

E602 

MW-04 

30-Aug-95 

Benzene 

63 

Ug/1 

E602 

MW-04 

30-Aug-95 

Chlorobenzene 

6.6 

Ug/1 

E602 

MW-04 

30- Aug-95 

Ethylbenzene 

22 

Ug/1 

E602 

MW-04 

30-Aug-95 

Toluene 

14 

Ug/1 

E602 

MW-04 

30-Aug-95 

Xylene  (total) 

27 

Ug/1 

E602 

MW-05 

31 -Aug-95 

1 ,2,3 ,4-Tetramethylbenzene 

1  U 

Ug/1 

E602 

MW-05 

31 -Aug-95 

1 ,2,3-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MW-05 

31 -Aug-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MW-05 

31 -Aug-95 

1,3,5-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MW-05 

31 -Aug-95 

Benzene 

4.9 

Ug/1 

E602 

MW-05 

31 -Aug-95 

Chlorobenzene 

0.4  U 

Ug/1 

E602 

MW-05 

31 -Aug-95 

Ethylbenzene 

0.4  U 

Ug/1 

E602 

MW-05 

31-Aug-95 

Toluene 

0.5 

Ug/1 

E602 

MW-05 

31 -Aug-95 

Xylene  (total) 

0.4  U 

Ug/1 

E602 

MW-06 

29-Aug-95 

1 ,2,3,4-Tetramethylbenzene 

0.5  U 

Ug/1 

E602 

MW-06 

29-Aug-95 

1 ,2,3-Trimethylbenzene 

1.6 

Ug/1 

E602 

MW-06 

29-Aug-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MW-06 

29-Aug-95 

1 ,3,5-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MW-06 

29-Aug-95 

Benzene 

32 

Ug/1 

E602 

MW-06 

29-Aug-95 

Chlorobenzene 

0.4  U 

Ug/1 

E602 

MW-06 

29-Aug-95 

Ethylbenzene 

1.9 

Ug/1 

E602 

MW-06 

29-Aug-95 

Toluene 

2.4 

Ug/1 

E602 

MW-06 

29-Aug-95 

Xylene  (total) 

2.3 

Ug/1 

E602 

MW-07 

28-Aug-95 

1 ,2,3,4-Tetramethylbenzene 

0.5  U 

Ug/1 

E602 

MW-07 

28-Aug-95 

1 ,2,3-Trimethylbenzene 

1.6 

ug/1 

E602 

MW-07 

28-Aug-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MW-07 

28-Aug-95 

1 ,3 ,5-T  rimethy  lbenzene 

0.4  U 

Ug/1 

E602 

MW-07 

28-Aug-95 

Benzene 

6.1 

ug/1 

E602 

MW-07 

28-Aug-95 

Chlorobenzene 

0.4  U 

Ug/1 

E602 
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MW-07 

28-Aug-95 

Ethylbenzene 

0.4  U 

ug/l 

E602 

MW-07 

28-Aug-95 

Toluene 

0.4  U 

ug/1 

E602 

MW-07 

28-Aug-95 

Xylene  (total) 

0.4  U 

Ug/l 

E602 

MW-08 

1 -Sep-95 

1,2,3,4-Tetramethylbenzene 

1  U 

ug/1 

E602 

MW-08 

1 -Sep-95 

1 ,2,3-Trimethylbenzene 

0.4  U 

ug/l 

E602 

MW-08 

1 -Sep-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

Ug/I 

E602 

MW-08 

1 -Sep-95 

1 ,3,5-TrimethyIbenzene 

0.4  U 

ug/1 

E602 

MW-08 

1 -Sep-95 

Benzene 

0.4  U 

ug/1 

E602 

MW-08 

1 -Sep-95 

Chlorobenzene 

0.4  U 

Ug/I 

E602 

MW-08 

1 -Sep-95 

Ethylbenzene 

0.4  U 

ug/l 

E602 

MW-08 

1 -Sep-95 

Toluene 

0.4  U 

Ug/1 

E602 

MW-08 

1 -Sep-95 

Xylene  (total) 

0.4  U 

Ug/1 

E602 

MW-09 

28-Aug-95 

1 ,2,3 ,4-Tetramethylbenzene 

0.5  U 

Ug/I 

E602 

MW-09 

28-Aug-95 

1 ,2,3-Trimethylbenzene 

0.4  U 

Ug/I 

E602 

MW-09 

28-Aug-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

ug/1 

E602 

MW-09 

28-Aug-95 

1,3,5-Trimethylbenzene 

0.4  U 

Ug/I 

E602 

MW-09 

28-Aug-95 

Benzene 

0.4  U 

Ug/1 

E602 

MW-09 

28-Aug-95 

Chlorobenzene 

0.4  U 

Ug/I 

E602 

MW-09 

28-Aug-95 

Ethylbenzene 

0.4  U 

Ug/I 

E602 

MW-09 

28-Aug-95 

Toluene 

0.4  U 

Ug/1 

E602 

MW-09 

28-Aug-95 

Xylene  (total) 

0.4  U 

Ug/1 

E602 

MW- 10 

28-Aug-95 

1,2,3,4-Tetramethylbenzene 

0.5  U 

Ug/I 

E602 

MW- 10 

28-Aug-95 

1,2,3-Trimethylbenzene 

11 

ug/1 

E602 

MW- 10 

28-Aug-95 

1 ,2,4-Trimethylbenzene 

4.1 

ug/1 

E602 

MW- 10 

28-Aug-95 

1,3,5-Trimethylbenzene 

4.8 

Ug/1 

E602 

MW- 10 

28-Aug-95 

Benzene 

23 

ug/1 

E602 

MW- 10 

28-Aug-95 

Chlorobenzene 

1.2 

Ug/1 

E602 

MW-10 

28-Aug-95 

Ethylbenzene 

2.5 

Ug/I 

E602 

MW- 10 

28-Aug-95 

Toluene 

5.1 

ug/1 

E602 

MW-10 

28-Aug-95 

Xylene  (total) 

4.1 

ug/1 

E602 

MW- 11 

30-Aug-95 

1,2,3,4-Tetramethylbenzene 

1  U 

ug/1 

E602 

MW- 11 

30-Aug-95 

1 ,2,3-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MW- 11 

30-Aug-95 

1,2,4-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MW- 11 

30-Aug-95 

1,3,5-Trimethylbenzene 

0.4  U 

Ug/I 

E602 

MW- 11 

30-Aug-95 

Benzene 

1.3 

Ug/1 

E602 

MW- 11 

30-Aug-95 

Chlorobenzene 

0.4  U 

Ug/1 

E602 

MW-11 

30- Aug-95 

Ethylbenzene 

0.4  U 

Ug/1 

E602 

MW- 11 

30-Aug-95 

Toluene 

0.4  U 

ug/1 

E602 

MW-11 

30- Aug-95 

Xylene  (total) 

0.4  U 

Ug/1 

E602 
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MW-111 

1 -Sep-95 

1,2,3 ,4-T  etramethy  Ibenzene 

1  u 

Ug/l 

E602 

MW-111 

1 -Sep-95 

1,2,3-Trimethylbenzene 

0.4  U 

ug/1 

E602 

MW-111 

1 -Sep-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

Ug/l 

E602 

MW-111 

1 -Sep-95 

1,3,5-Trimethylbenzene 

0.4  U 

ug/1 

E602 

MW-111 

1 -Sep-95 

Benzene 

0.4  U 

Ug/l 

E602 

MW-111 

1 -Sep-95 

Chlorobenzene 

0.4  U 

Ug/1 

E602 

MW-111 

l-Sep-95 

Ethylbenzene 

0.4  U 

Ug/1 

E602 

MW-111 

l-Sep-95 

Toluene 

0.4  U 

Ug/1 

E602 

MW-111 

1 -Sep-95 

Xylene  (total) 

0.4  U 

Ug/1 

E602 

MW-112 

29-Aug-95 

1 ,2,3,4-Tetramethylbenzene 

580 

Ug/1 

E602 

MW-112 

29-Aug-95 

1 ,2,3-Trimethylbenzene 

650 

Ug/1 

E602 

MW-112 

29-Aug-95 

1 ,2,4-Trimethylbenzene 

2600 

Ug/1 

E602 

MW-112 

29-Aug-95 

1,3,5-Trimethylbenzene 

510 

Ug/1 

E602 

MW-112 

29-Aug-95 

Benzene 

5000 

Ug/1 

E602 

MW-112 

29-Aug-95 

Chlorobenzene 

29 

Ug/1 

E602 

MW-112 

29-Aug-95 

Ethylbenzene 

2300 

ug/1 

E602 

MW-112 

29-Aug-95 

Toluene 

26000 

Ug/1 

E602 

MW-112 

29-Aug-95 

Xylene  (total) 

14000 

Ug/1 

E602 

MW-113 

31 -Aug-95 

1 ,2,3 ,4-Tetramethy  Ibenzene 

8.2 

Ug/1 

E602 

MW-113 

31 -Aug-95 

1 ,2,3-Trimethylbenzene 

44 

Ug/1 

E602 

MW-113 

31 -Aug-95 

1 ,2,4-Trimethylbenzene 

210 

Ug/1 

E602 

MW-113 

31 -Aug-95 

1,3,5-Trimethylbenzene 

48 

Ug/1 

E602 

MW-113 

31 -Aug-95 

Benzene 

3000 

Ug/1 

E602 

MW-113 

31 -Aug-95 

Chlorobenzene 

0.4  U 

Ug/1 

E602 

MW-113 

31 -Aug-95 

Ethylbenzene 

200 

Ug/1 

E602 

MW-113 

31 -Aug-95 

Toluene 

2100 

ug/1 

E602 

MW-113 

31 -Aug-95 

Xylene  (total) 

860 

Ug/1 

E602 

MW- 12 

31 -Aug-95 

1 ,2,3,4-Tetramethylbenzene 

1  U 

Ug/1 

E602 

MW- 12 

31 -Aug-95 

1 ,2,3-Trimethylbenzene 

0.4  U 

ug/1 

E602 

MW-12 

31 -Aug-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MW- 12 

31 -Aug-95 

1,3,5-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MW-12 

31 -Aug-95 

Benzene 

0.4  U 

Ug/1 

E602 

MW-12 

31 -Aug-95 

Chlorobenzene 

0.4  U 

Ug/1 

E602 

MW-12 

31 -Aug-95 

Ethylbenzene 

0.4  U 

Ug/1 

E602 

MW-12 

31 -Aug-95 

Toluene 

0.4  U 

Ug/1 

E602 

MW-12 

31-Aug-95 

Xylene  (total) 

0.4  U 

Ug/1 

E602 

MW- 13 

31 -Aug-95 

1,2,3,4-Tetramethylbenzene 

1  U 

Ug/1 

E602 

MW- 13 

31 -Aug-95 

1 ,2,3-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MW- 13 

31-Aug-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

Ug/1 

E602 
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MW- 13 

31 -Aug-95 

1 ,3,5-Trimethylbenzene 

0.4  U 

ug/1 

E602 

MW- 13 

31 -Aug-95 

Benzene 

0.4  U 

ug/1 

E602 

MW- 13 

31 -Aug-95 

Chlorobenzene 

0.4  U 

ug/1 

E602 

MW- 13 

31 -Aug-95 

Ethylbenzene 

0.4  U 

ug/1 

E602 

MW- 13 

31 -Aug-95 

Toluene 

0.4  U 

ug/1 

E602 

MW-13 

31 -Aug-95 

Xylene  (total) 

0.4  U 

ug/1 

E602 

MW- 14 

30-Aug-95 

1 ,2,3,4-Tetramethylbenzene 

0.5  U 

ug/1 

E602 

MW- 14 

30-Aug-95 

1,2,3-Trimethylbenzene 

0.4  U 

ug/1 

E602 

MW- 14 

30-Aug-95 

1,2,4-Trimethylbenzene 

0.4  U 

ug/1 

E602 

MW- 14 

30-Aug-95 

1 ,3,5-Trimethylbenzene 

0.4  U 

ug/1 

E602 

MW- 14 

30-Aug-95 

Benzene 

0.4  U 

ug/1 

E602 

MW- 14 

30-Aug-95 

Chlorobenzene 

0.4  U 

ug/1 

E602 

MW- 14 

30- Aug-95 

Ethylbenzene 

0.4  U 

ug/1 

E602 

MW- 14 

30- Aug-95 

Toluene 

0.4  U 

ug/1 

E602 

MW-14 

30-Aug-95 

Xylene  (total) 

0.4  U 

ug/1 

E602 

MW- 15 

31 -Aug-95 

1,2,3,4-Tetramethylbenzene 

1  U 

ug/1 

E602 

MW- 15 

31 -Aug-95 

1 ,2,3-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MW- 15 

31 -Aug-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MW- 15 

31 -Aug-95 

1 ,3,5-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MW- 15 

31 -Aug-95 

Benzene 

0.4  U 

Ug/1 

E602 

MW- 15 

31 -Aug-95 

Chlorobenzene 

0.4  U 

Ug/1 

E602 

MW- 15 

31 -Aug-95 

Ethylbenzene 

0.4  U 

Ug/1 

E602 

MW- 15 

31 -Aug-95 

Toluene 

0.4  U 

ug/1 

E602 

MW- 15 

31 -Aug-95 

Xylene  (total) 

0.4  U 

Ug/I 

E602 

MW- 16 

31 -Aug-95 

1 ,2,3,4-Tetramethylbenzene 

1  U 

Ug/1 

E602 

MW- 16 

31 -Aug-95 

1 ,2,3-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MW- 16 

3 1  -Aug-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

ug/1 

E602 

MW- 16 

31 -Aug-95 

1,3,5-TrimethyIbenzene 

0.4  U 

Ug/1 

E602 

MW- 16 

31 -Aug-95 

Benzene 

0.4  U 

ug/1 

E602 

MW- 16 

31 -Aug-95 

Chlorobenzene 

0.4  U 

ug/1 

E602 

MW- 16 

31 -Aug-95 

Ethylbenzene 

0.4  U 

Ug/1 

E602 

MW- 16 

31 -Aug-95 

Toluene 

0.4  U 

ug/1 

E602 

MW- 16 

3 1  -Aug-95 

Xylene  (total) 

0.4  U 

Ug/1 

E602 

MW- 17 

30-Aug-95 

1,2,3,4-Tetramethylbenzene 

0.5  U 

ug/1 

E602 

MW- 17 

30- Aug-95 

1 ,2,3-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MW-17 

30-Aug-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MW- 17 

30-Aug-95 

1 ,3,5-Trimethylbenzene 

0.4  U 

ug/1 

E602 

MW-17 

30-Aug-95 

Benzene 

0.4  U 

ug/1 

E602 

MW-17 

30- Aug-95 

Chlorobenzene 

0.4  U 

Ug/1 

E602 

K:\MYRTLE\DATABASE\B6.XLS 


TABLE  B.6 

GROUNDWATER  DATA  FOR  VOLATILE  ORGANIC  COMPOUNDS 

AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MW- 17 

30-Aug-95 

Ethylbenzene 

0.4  U 

ug/1 

E602 

MW- 17 

30-Aug-95 

Toluene 

0.4  U 

ug/1 

E602 

MW- 17 

30-Aug-95 

Xylene  (total) 

0.4  U 

ug/l 

E602 

MW- 18 

31 -Aug-95 

1 ,2,3 ,4-Tetramethy  lbenzene 

1  U 

ug/1 

E602 

MW- 18 

31 -Aug-95 

1 ,2,3-Trimethylbenzene 

0.4  U 

ug/l 

E602 

MW- 18 

31 -Aug-95 

1 , 2, 4-Trimethy  lbenzene 

0.4  U 

ug/1 

E602 

MW- 18 

31 -Aug-95 

1,3,5-Trimethylbenzene 

0.4  U 

ug/1 

E602 

MW- 18 

31 -Aug-95 

Benzene 

0.4  U 

ug/1 

E602 

MW- 18 

31 -Aug-95 

Chlorobenzene 

0.4  U 

ug/1 

E602 

MW- 18 

31 -Aug-95 

Ethylbenzene 

0.4  U 

Ug/1 

E602 

MW- 18 

31 -Aug-95 

Toluene 

0.4  U 

Ug/1 

E602 

MW- 18 

31 -Aug-95 

Xylene  (total) 

0.4  U 

Ug/1 

E602 

MW- 19 

30-Aug-95 

1 ,2,3,4-Tetramethylbenzene 

0.5  U 

ug/1 

E602 

MW- 19 

30-Aug-95 

1 ,2,3-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MW- 19 

30-Aug-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

Ug/1 

E602 

MW- 19 

30-Aug-95 

1 ,3 ,5-Trimethylbenzene 

0.4  U 

ug/1 

E602 

MW- 19 

30-Aug-95 

Benzene 

0.4  U 

Ug/1 

E602 

MW- 19 

30-Aug-95 

Chlorobenzene 

0.4  U 

Ug/1 

E602 

MW- 19 

30-Aug-95 

Ethylbenzene 

0.4  U 

ug/1 

E602 

MW- 19 

30-Aug-95 

Toluene 

0.4  U 

ug/1 

E602 

MW- 19 

30-Aug-95 

Xylene  (total) 

0.4  U 

ug/1 

E602 
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TABLE  B.7 

GROUNDWATER  DATA  FOR  ACIDS  AND  PHENOLS 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MW-02 

1/95 

Propanoic  Acid 

9.9 

mg/L 

RSKSOP-177 

MW-02 

1/95 

2-MethyIpropanoic  Acid 

0.2 

mg/L 

RSKSOP-177 

MW-02 

1/95 

Trimethyl  Acetic  Acid 

2.4 

mg/L 

RSKSOP-177 

MW-02 

1/95 

Butyric  Acid 

6.1 

mg/L 

RSKSOP-177 

MW-02 

1/95 

2-Methylbutyric  Acid 

0.6 

mg/L 

RSKSOP-177 

MW-02 

1/95 

3-Methylbutyric  Acid 

0.2 

mg/L 

RSKSOP-177 

MW-02 

1/95 

3,3-Dimethylbutyric  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

Pentanoic  Acid 

0.4 

mg/L 

RSKSOP-177 

MW-02 

1/95 

2,3-Dimethylbutyric  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

2-Ethylbutyric  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

2-Methylpentanoic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

3-Methylpentanoic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

4-Methylpentanoic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

Hexanoic  Acid 

1.7 

mg/L 

RSKSOP-177 

MW-02 

1/95 

2-Methylhexanoic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

Phenol 

u 

mg/L 

RSKSOP-177 

MW-02 

1/95 

Cyclopentanecarboxylic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

5-Methylhexanoic  Acid 

0.4 

mg/L 

RSKSOP-177 

MW-02 

1/95 

o-Cresol 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

2-Ethylhexanoic  Acid 

0.1 

mg/L 

RSKSOP-177 

MW-02 

1/95 

Heptanoic  Acid 

0.4 

mg/L 

RSKSOP-177 

MW-02 

1/95 

m-Cresol 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

p-Cresol 

1.2 

mg/L 

RSKSOP-177 

MW-02 

1/95 

1-Cyclopentene-l -Carboxylic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

o-Ethylphenol 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

Cyclopentaneacetic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

2,6-Dimethylphenol 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

2,5-Dimethylphenol 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

Cyclohexanecarboxylic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

3-Cyclohexene- 1 -Carboxylic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

2,4-Dimethylphenol 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

3,5-Dimethylphenol  &  m-Ethylphenol 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

Octanoic  Acid 

0.5 

mg/L 

RSKSOP-177 

MW-02 

1/95 

2,3-Dimethylphenol 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

p-Ethylphenoi 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

Benzoic  Acid 

0.6 

mg/L 

RSKSOP-177 

MW-02 

1/95 

3,4-Dimethylphenol 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

m-Methylbenzoic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

1 -Cyclohexene- 1 -Carboxylic  Acid 

ND 

mg/L 

RSKSOP-177 
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TABLE  B.7 

GROUNDWATER  DATA  FOR  ACIDS  AND  PHENOLS 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MW-02 

1/95 

Cyclohexaneacetic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

2-Phenylpropanoic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

o-Methylbenzoic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

Phenylacetic  Acid 

0.1 

mg/L 

RSKSOP-177 

MW-02 

1/95 

m-Tolylacetic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

o-Tolylacetic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

2,6-Dimethylbenzoic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

p-Tolylacetic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

p-Methylbenzoic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

3-Phenylpropanoic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

2,5-DimethyIbenzoic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

Decanoic  Acid 

0.1 

mg/L 

RSKSOP-177 

MW-02 

1/95 

2,4-Dimethylbenzoic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

3,5-Dimethylbenzoic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

2,3-Dimethylbenzoic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

4-Ethylbenzoic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

2,4,6-Trimethylbenzoic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

3,4-Dimethylbenzoic  Acid 

ND 

mg/L 

RSKSOP-177 

MW-02 

1/95 

2,4,5-Trimethylbenzoic  Acid 

ND 

mg/L 

RSKSOP-177 
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TABLE  B.8 

GROUNDWATER  DATA  FOR  SEMIVOLATILE  ORGANIC  COMPOUNDS 

AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Locations 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MOC-02 

28-Aug-95 

2,4-Dichlorophenol 

0.5  U 

UG/L 

SW8270 

MOC-02 

28-Aug-95 

2,4-Dimethylphenol 

0.5  U 

UG/L 

SW8270 

MOC-02 

28-Aug-95 

2-Methylnaphthalene 

0.5  U 

UG/L 

SW8270 

MOC-02 

28-Aug-95 

2-Methylphenol 

0.5  U 

UG/L 

SW8270 

MOC-02 

28-Aug-95 

4-Methylphenol 

0.5  U 

UG/L 

SW8270 

MOC-02 

28-Aug-95 

Acenaphthene 

0.5  U 

UG/L 

SW8270 

MOC-02 

28-Aug-95 

Anthracene 

0.5  U 

UG/L 

SW8270 

MOC-02 

28-Aug-95 

Benzo(a)anthracene 

0.5  U 

UG/L 

SW8270 

MOC-02 

28-Aug-95 

Benzo(a)pyrene 

0.5  U 

UG/L 

SW8270 

MOC-02 

28-Aug-95 

Benzo(b)fluoranthene 

0.5  U 

UG/L 

SW8270 

MOC-02 

28-Aug-95 

Benzo(g,h,i)perylene 

0.5  U 

UG/L 

SW8270 

MOC-02 

28-Aug-95 

Benzo(k)fluoranthene 

0.5  U 

UG/L 

SW8270 

MOC-02 

28-Aug-95 

Benzoic  Acid 

0.5  U 

UG/L 

SW8270 

MOC-02 

28-Aug-95 

Bis(2-ethylhexyl)phthalate 

1  J 

UG/L 

SW8270 

MOC-02 

28-Aug-95 

Chrysene 

0.5  U 

UG/L 

SW8270 

MOC-02 

28-Aug-95 

Flourene 

0.5  U 

UG/L 

SW8270 

MOC-02 

28-Aug-95 

Fluoranthene 

0.5  U 

UG/L 

SW8270 

MOC-02 

28-Aug-95 

Indeno(l,2,3-cd)pyrene 

0.5  U 

UG/L 

SW8270 

MOC-02 

28-Aug-95 

Naphthalene 

0.5  U 

UG/L 

SW8270 

MOC-02 

28-Aug-95 

Phenanthrene 

0.5  U 

UG/L 

SW8270 

MOC-02 

28-Aug-95 

Phenol 

0.5  U 

UG/L 

SW8270 

MOC-02 

28-Aug-95 

Pyrene 

0.5  U 

UG/L 

SW8270 

MOC-IO 

29-Aug-95 

2,4-Dichlorophenol 

0.5  U 

UG/L 

SW8270 

MOC-IO 

29-Aug-95 

2,4-Dimethylphenol 

0.5  U 

UG/L 

SW8270 

MOC-IO 

29-Aug-95 

2-Methylnaphthalene 

7  J 

UG/L 

SW8270 

MOC-IO 

29-Aug-95 

2-Methylphenol 

0.5  U 

UG/L 

SW8270 

MOC-IO 

29-Aug-95 

4-Methylphenol 

0.5  U 

UG/L 

SW8270 

MOC-IO 

29-Aug-95 

Acenaphthene 

0.5  U 

UG/L 

SW8270 

MOC-IO 

29-Aug-95 

Anthracene 

0.5  U 

UG/L 

SW8270 

MOC-IO 

29-Aug-95 

Benzo(a)anthracene 

0.5  U 

UG/L 

SW8270 

MOC-IO 

29-Aug-95 

Benzo(a)pyrene 

0.5  U 

UG/L 

SW8270 

MOC-IO 

29-Aug-95 

Benzo(b)fluoranthene 

0.5  U 

UG/L 

SW8270 

MOC-IO 

29-Aug-95 

Benzo(g,h,i)perylene 

0.5  U 

UG/L 

SW8270 

MOC-IO 

29-Aug-95 

Benzo(k)fluoranthene 

0.5  U 

UG/L 

SW8270 

MOC-IO 

29-Aug-95 

Benzoic  Acid 

0.5  U 

UG/L 

SW8270 

MOC-IO 

29-Aug-95 

Bis(2-ethylhexyl)phthalate 

1  J 

UG/L 

SW8270 

MOC-IO 

29-Aug-95 

Chrysene 

0.5  U 

UG/L 

SW8270 

MOC-IO 

29-Aug-95 

Flourene 

0.5  U 

UG/L 

SW8270 

MOC-IO 

29-Aug-95 

Fluoranthene 

0.5  U 

UG/L 

SW8270 

MOC-IO 

29-Aug-95 

Indeno(  1 ,2,3-cd)pyrene 

0.5  U 

UG/L 

SW8270 
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TABLE  B.8 

GROUNDWATER  DATA  FOR  SEMIVOLATILE  ORGANIC  COMPOUNDS 

AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Locations 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MOC-IO 

29-Aug-95 

Naphthalene 

33 

UG/L 

SW8270 

MOC-IO 

29-Aug-95 

Phenanthrene 

0.5  U 

UG/L 

SW8270 

MOC-IO 

29-Aug-95 

Phenol 

0.5  U 

UG/L 

SW8270 

MOC-IO 

29-Aug-95 

Pyrene 

0.5  U 

UG/L 

SW8270 

MOC-19 

30-Aug-95 

2,4-Dichlorophenol 

0.5  U 

UG/L 

SW8270 

MOC-19 

30-Aug-95 

2,4-Dimethylphenol 

0.5  U 

UG/L 

SW8270 

MOC-19 

30-Aug-95 

2-Methylnaphthalene 

0.5  U 

UG/L 

SW8270 

MOC-19 

30-Aug-95 

2-Methylphenol 

0.5  U 

UG/L 

SW8270 

MOC-19 

30-Aug-95 

4-Methylphenol 

0.5  U 

UG/L 

SW8270 

MOC-19 

30-Aug-95 

Acenaphthene 

0.5  U 

UG/L 

SW8270 

MOC-19 

30-Aug-95 

Anthracene 

0.5  U 

UG/L 

SW8270 

MOC-19 

30-Aug-95 

Benzo(a)anthracene 

0.5  U 

UG/L 

SW8270 

MOC-19 

30- Aug-95 

Benzo(a)pyrene 

0.5  U 

UG/L 

SW8270 

MOC-19 

30-Aug-95 

Benzo(b)fluoranthene 

0.5  U 

UG/L 

SW8270 

MOC-19 

30-Aug-95 

Benzo(g,h,i)perylene 

0.5  U 

UG/L 

SW8270 

MOC-19 

30-Aug-95 

Benzo(k)fluoranthene 

0.5  U 

UG/L 

SW8270 

MOC-19 

30-Aug-95 

Benzoic  Acid 

0.5  U 

UG/L 

SW8270 

MOC-19 

30-Aug-95 

Bis(2-ethylhexyl)phthalate 

1  J 

UG/L 

SW8270 

MOC-19 

30-Aug-95 

Chrysene 

0.5  U 

UG/L 

SW8270 

MOC-19 

30-Aug-95 

Flourene 

0.5  U 

UG/L 

SW8270 

MOC-19 

30-Aug-95 

Fluoranthene 

0.5  U 

UG/L 

SW8270 

MOC-19 

30-Aug-95 

Indeno(  1 ,2,3-cd)pyrene 

0.5  U 

UG/L 

SW8270 

MOC-19 

30-Aug-95 

Naphthalene 

0.5  U 

UG/L 

SW8270 

MOC-19 

30-Aug-95 

Phenanthrene 

0.5  U 

UG/L 

SW8270 

MOC-19 

30-Aug-95 

Phenol 

0.5  U 

UG/L 

SW8270 

MOC-19 

30-Aug-95 

Pyrene 

0.5  U 

UG/L 

SW8270 

MOC-21 

29-Aug-95 

2,4-Dichlorophenol 

0.5  U 

UG/L 

SW8270 

MOC-21 

29-Aug-95 

2,4-Dimethylphenol 

0.5  U 

UG/L 

SW8270 

MOC-21 

29-Aug-95 

2-MethylnaphthaIene 

0.5  U 

UG/L 

SW8270 

MOC-21 

29-Aug-95 

2-Methylphenol 

0.5  U 

UG/L 

SW8270 

MOC-21 

29-Aug-95 

4-Methylphenol 

0.5  U 

UG/L 

SW8270 

MOC-21 

29-Aug-95 

Acenaphthene 

0.5  U 

UG/L 

SW8270 

MOC-21 

29-Aug-95 

Anthracene 

0.5  U 

UG/L 

SW8270 

MOC-21 

29-Aug-95 

Benzo(a)anthracene 

0.5  U 

UG/L 

SW8270 

MOC-21 

29-Aug-95 

Benzo(a)pyrene 

0.5  U 

UG/L 

SW8270 

MOC-21 

29-Aug-95 

Benzo(b)fluoranthene 

0.5  U 

UG/L 

SW8270 

MOC-21 

29-Aug-95 

Benzo(g,h,i)perylene 

0.5  U 

UG/L 

SW8270 

MOC-21 

29-Aug-95 

Benzo(k)fluoranthene 

0.5  U 

UG/L 

SW8270 

MOC-21 

29-Aug-95 

Benzoic  Acid 

0.5  U 

UG/L 

SW8270 

MOC-21 

29-Aug-95 

Bis(2-ethylhexyl)phthalate 

0.5  U 

UG/L 

SW8270 
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TABLE  B.8 

GROUNDWATER  DATA  FOR  SEMIVOLATILE  ORGANIC  COMPOUNDS 

AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Locations 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MOC-21 

29-Aug-95 

Chrysene 

0.5  U 

UG/L 

SW8270 

MOC-21 

29-Aug-95 

Flourene 

0.5  U 

UG/L 

SW8270 

MOC-21 

29-Aug-95 

Fluoranthene 

0.5  U 

UG/L 

SW8270 

MOC-21 

29-Aug-95 

Indeno(  1 ,2 ,3  -cd)pyrene 

0.5  U 

UG/L 

SW8270 

MOC-21 

29-Aug-95 

Naphthalene 

0.5  U 

UG/L 

SW8270 

MOC-21 

29-Aug-95 

Phenanthrene 

0.5  U 

UG/L 

SW8270 

MOC-21 

29-Aug-95 

Phenol 

0.5  U 

UG/L 

SW8270 

MOC-21 

29-Aug-95 

Pyrene 

0.5  U 

UG/L 

SW8270 

MW-02 

28-Aug-95 

2,4-Dichlorophenol 

0.5  U 

UG/L 

SW8270 

MW-02 

28-Aug-95 

2,4-DimethylphenoI 

0.5  U 

UG/L 

SW8270 

MW-02 

28-Aug-95 

2-Methylnaphthalene 

0.5  U 

UG/L 

SW8270 

MW-02 

28-Aug-95 

2-MethylphenoI 

0.5  U 

UG/L 

SW8270 

MW-02 

28-Aug-95 

4-Methylphenol 

0.5  U 

UG/L 

SW8270 

MW-02 

28-Aug-95 

Acenaphthene 

0.5  U 

UG/L 

SW8270 

MW-02 

28-Aug-95 

Anthracene 

0.5  U 

UG/L 

SW8270 

MW-02 

28-Aug-95 

Benzo(a)anthracene 

0.5  U 

UG/L 

SW8270 

MW-02 

28-Aug-95 

Benzo(a)pyrene 

0.5  U 

UG/L 

SW8270 

MW-02 

28-Aug-95 

Benzo(b)fluoranthene 

0.5  U 

UG/L 

SW8270 

MW-02 

28-Aug-95 

Benzo(g,h,i)perylene 

0.5  U 

UG/L 

SW8270 

MW-02 

28-Aug-95 

Benzo(k)fluoranthene 

0.5  U 

UG/L 

SW8270 

MW-02 

28-Aug-95 

Benzoic  Acid 

0.5  U 

UG/L 

SW8270 

MW-02 

28-Aug-95 

Bis(2-ethylhexyl)phthalate 

0.5  U 

UG/L 

SW8270 

MW-02 

28-Aug-95 

Chrysene 

0.5  U 

UG/L 

SW8270 

MW-02 

28-Aug-95 

Flourene 

0.5  U 

UG/L 

SW8270 

MW-02 

28-Aug-95 

Fluoranthene 

0.5  U 

UG/L 

SW8270 

MW-02 

28-Aug-95 

Indeno(  1 ,2,3-cd)pyrene 

0.5  U 

UG/L 

SW8270 

MW-02 

28-Aug-95 

Naphthalene 

0.5  U 

UG/L 

SW8270 

MW-02 

28-Aug-95 

Phenanthrene 

0.5  U 

UG/L 

SW8270 

MW-02 

28-Aug-95 

Phenol 

0.5  U 

UG/L 

SW8270 

MW-02 

28-Aug-95 

Pyrene 

0.5  U 

UG/L 

SW8270 

MW-07 

28-Aug-95 

2,4-Dichlorophenol 

0.5  U 

UG/L 

SW8270 

MW-07 

28-Aug-95 

2,4-Dimethylphenol 

0.5  U 

UG/L 

SW8270 

MW-07 

28-Aug-95 

2-Methylnaphthalene 

0.5  U 

UG/L 

SW8270 

MW-07 

2  8- Aug-95 

2-Methylphenol 

0.5  U 

UG/L 

SW8270 

MW-07 

28-Aug-95 

4-Methylphenol 

0.5  U 

UG/L 

SW8270 

MW-07 

28-Aug-95 

Acenaphthene 

0.5  U 

UG/L 

SW8270 

MW-07 

28-Aug-95 

Anthracene 

0.5  U 

UG/L 

SW8270 

MW-07 

28-Aug-95 

Benzo(a)anthracene 

0.5  U 

UG/L 

SW8270 

MW-07 

28-Aug-95 

Benzo(a)pyrene 

0.5  U 

UG/L 

SW8270 

MW-07 

28-Aug-95 

Benzo(b)fluoranthene 

0.5  U 

UG/L 

SW8270 
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Locations 
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Analytical 

Method 

MW-07 

28-Aug-95 

Benzo(g,h,i)perylene 

0.5  U 

UG/L 

SW8270 

MW-07 

28-Aug-95 

Benzo(k)fluoranthene 

0.5  U 

UG/L 

SW8270 

MW-07 

28-Aug-95 

Benzoic  Acid 

0.5  U 

UG/L 

SW8270 

MW-07 

28-Aug-95 

Bis(2-ethylhexyl)phthalate 

1  J 

UG/L 

SW8270 

MW-07 

28-Aug-95 

Chrysene 

0.5  U 

UG/L 

SW8270 

MW-07 

28-Aug-95 

Flourene 

0.5  U 

UG/L 

SW8270 

MW-07 

28-Aug-95 

Fluoranthene 

0.5  U 

UG/L 

SW8270 

MW-07 

28-Aug-95 

Indeno(  1 ,2,3-cd)pyrene 

0.5  U 

UG/L 

SW8270 

MW-07 

28-Aug-95 

Naphthalene 

0.5  U 

UG/L 

SW8270 

MW-07 

28-Aug-95 

Phenanthrene 

0.5  U 

UG/L 

SW8270 

MW-07 

28-Aug-95 

Phenol 

0.5  U 

UG/L 

SW8270 

MW-07 

28-Aug-95 

Pyrene 

0.5  U 

UG/L 

SW8270 

MW-111 

1 -Sep-95 

2,4-DichIorophenol 

0.5  U 

UG/L 

SW8270 

MW-111 

l-Sep-95 

2,4-Dimethylphenol 

0.5  U 

UG/L 

SW8270 

MW-111 

l-Sep-95 

2-Methylnaphthalene 

0.5  U 

UG/L 

SW8270 

MW-111 

1 -Sep-95 

2-Methylphenol 

0.5  U 

UG/L 

SW8270 

MW-111 

l-Sep-95 

4-Methylphenol 

0.5  U 

UG/L 

SW8270 

MW-111 

l-Sep-95 

Acenaphthene 

0.5  U 

UG/L 

SW8270 

MW-111 

l-Sep-95 

Anthracene 

0.5  U 

UG/L 

SW8270 

MW-111 

l-Sep-95 

Benzo(a)anthracene 

0.5  U 

UG/L 

SW8270 

MW-111 

l-Sep-95 

Benzo(a)pyrene 

0.5  U 

UG/L 

SW8270 

MW-111 

l-Sep-95 

Benzo(b)fluoranthene 

0.5  U 

UG/L 

SW8270 

MW-111 

l-Sep-95 

Benzo(g,h,i)perylene 

0.5  U 

UG/L 

SW8270 

MW-111 

l-Sep-95 

Benzo(k)fluoranthene 

0.5  U 

UG/L 

SW8270 

MW-111 

l-Sep-95 

Benzoic  Acid 

0.5  U 

UG/L 

SW8270 

MW-111 

l-Sep-95 

Bis(2-ethylhexyl)phthalate 

1  J 

UG/L 

SW8270 

MW-111 

l-Sep-95 

Chrysene 

0.5  U 

UG/L 

SW8270 

MW-111 

l-Sep-95 

Flourene 

0.5  U 

UG/L 

SW8270 

MW-111 

l-Sep-95 

Fluoranthene 

0.5  U 

UG/L 

SW8270 

MW-111 

l-Sep-95 

Indeno(  1 ,2,3-cd)pyrene 

0.5  U 

UG/L 

SW8270 

MW-111 

l-Sep-95 

Naphthalene 

0.5  U 

UG/L 

SW8270 

MW-111 

l-Sep-95 

Phenanthrene 

0.5  U 

UG/L 

SW8270 

MW-111 

l-Sep-95 

Phenol 

0.5  U 

UG/L 

SW8270 

MW-111 

l-Sep-95 

Pyrene 

0.5  U 

UG/L 

SW8270 

MW-112 

29-Aug-95 

2,4-Dichlorophenol 

2  U 

UG/L 

SW8270 

MW- 112 

29-Aug-95 

2,4-Dimethylphenol 

10  J 

UG/L 

SW8270 

MW-112 

29-Aug-95 

2-Methylnaphthalene 

110 

UG/L 

SW8270 

MW-112 

29-Aug-95 

2-Methylphenol 

46 

UG/L 

SW8270 

MW-112 

29-Aug-95 

4-Methylphenol 

97 

UG/L 

SW8270 

MW-112 

29-Aug-95 

Acenaphthene 

2  U 

UG/L 

SW8270 
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^  TABLE  B.8 

_  GROUNDWATER  DATA  FOR  SEMIVOLATILE  ORGANIC  COMPOUNDS 

g  AUGUST/SEPTEMBER  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
g  MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 

V  Sample 

Sample 

Analytical 

Locations 

Date 

Analyte 

Result 

Units 

Method 

a  MW-112 

29-Aug-95 

Anthracene 

2  U 

UG/L 

SW8270 

MW-112 

29-Aug-95 

Benzo(a)anthracene 

2  U 

UG/L 

SW8270 

MW-112 

29-Aug-95 

Benzo(a)pyrene 

2  U 

UG/L 

SW8270 

m  MW-112 

29-Aug-95 

Benzo(b)fluoranthene 

2  U 

UG/L 

SW8270 

I  MW-112 

29-Aug-95 

Benzo(g,h,i)peryIene 

2  U 

UG/L 

SW8270 

MW-112 

29-Aug-95 

Benzo(k)fluoranthene 

2  U 

UG/L 

SW8270 

»  MW-112 

29-Aug-95 

Benzoic  Acid 

191  J 

UG/L 

SW8270 

P  MW-112 

29-Aug-95 

Bis(2-ethylhexyl)phthalate 

2  U 

UG/L 

SW8270 

MW-112 

29-Aug-95 

Chrysene 

2  U 

UG/L 

SW8270 

g  MW-112 

29-Aug-95 

Flourene 

2  U 

UG/L 

SW8270 

1  MW-112 

29-Aug-95 

Fluoranthene 

2  U 

UG/L 

SW8270 

MW-112 

29-Aug-95 

Indeno(  1,2,3  -cd)pyrene 

2  U 

UG/L 

SW8270 

u  MW-112 

29-Aug-95 

Naphthalene 

490 

UG/L 

SW8270 

■  MW-112 

29-Aug-95 

Phenanthrene 

2  U 

UG/L 

SW8270 

*  MW-112 

29-Aug-95 

Phenol 

24  J 

UG/L 

SW8270 

MW-112 

29-Aug-95 

Pyrene 

2  U 

UG/L 

SW8270 

f  MW- 14 

30- Aug-95 

2,4-Dichlorophenol 

0.5  U 

UG/L 

SW8270 

MW- 14 

30-Aug-95 

2,4-Dimethylphenol 

0.5  U 

UG/L 

SW8270 

^  MW- 14 

30-Aug-95 

2-Methylnaphthalene 

0.5  U 

UG/L 

SW8270 

p  MW- 14 

30-Aug-95 

2-Methylphenol 

0.5  U 

UG/L 

SW8270 

MW- 14 

30-Aug-95 

4-Methylphenol 

0.5  U 

UG/L 

SW8270 

£  MW-14 

30-Aug-95 

Acenaphthene 

0.5  U 

UG/L 

SW8270 

1  MW-14 

30- Aug-95 

Anthracene 

0.5  U 

UG/L 

SW8270 

m  MW-14 

30-Aug-95 

Benzo(a)anthracene 

0.5  U 

UG/L 

SW8270 

m  MW-14 

30-Aug-95 

Benzo(a)pyrene 

0.5  U 

UG/L 

SW8270 

■  MW-14 

30-Aug-95 

Benzo(b)fluoranthene 

0.5  U 

UG/L 

SW8270 

•  MW-14 

30-Aug-95 

Benzo(g,h,i)perylene 

0.5  U 

UG/L 

SW8270 

MW-14 

30-Aug-95 

Benzo(k)fluoranthene 

0.5  U 

UG/L 

SW8270 

I  MW-14 

30-Aug-95 

Benzoic  Acid 

0.5  U 

UG/L 

SW8270 

*  MW-14 

30-Aug-95 

Bis(2-ethylhexyl)phthalate 

3  J 

UG/L 

SW8270 

MW-14 

30-Aug-95 

Chrysene 

0.5  U 

UG/L 

SW8270 

1  MW-14 

30-Aug-95 

Flourene 

0.5  U 

UG/L 

SW8270 

■  MW-14 

30-Aug-95 

Fluoranthene 

0.5  U 

UG/L 

SW8270 

MW-14 

30-Aug-95 

Indeno(l,2,3-cd)pyrene 

0.5  U 

UG/L 

SW8270 

ft  MW-14 

30-Aug-95 

Naphthalene 

0.5  U 

UG/L 

SW8270 

P  MW-14 

30- Aug-95 

Phenanthrene 

0.5  U 

UG/L 

SW8270 

MW-14 

30-Aug-95 

Phenol 

0.5  U 

UG/L 

SW8270 

■  MW-14 

30-Aug-95 

Pyrene 

0.5  U 

UG/L 

SW8270 

®  MW- 15 

31 -Aug-95 

2,4-Dichlorophenol 

0.5  U 

UG/L 

SW8270 

MW-15 

m 

31 -Aug-95 

2,4-Dimethylphenol 

0.5  U 

UG/L 

SW8270 
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TABLE  B.8 

GROUNDWATER  DATA  FOR  SEMIVOLATILE  ORGANIC  COMPOUNDS 

AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Locations 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

1 

MW- 15 

31 -Aug-95 

2-Methylnaphthalene 

0.5  U 

UG/L 

SW8270 

MW- 15 

31 -Aug-95 

2-MethylphenoI 

0.5  U 

UG/L 

SW8270 

MW- 15 

31 -Aug-95 

4-Methylphenol 

0.5  U 

UG/L 

SW8270 

MW- 15 

3 1  -Aug-95 

Acenaphthene 

0.5  U 

UG/L 

SW8270 

MW- 15 

31 -Aug-95 

Anthracene 

0.5  U 

UG/L 

SW8270 

MW- 15 

31 -Aug-95 

Benzo(a)anthracene 

0.5  U 

UG/L 

SW8270 

MW- 15 

3 1  -Aug-95 

Benzo(a)pyrene 

0.5  U 

UG/L 

SW8270 

MW- 15 

31 -Aug-95 

Benzo(b)fluoranthene 

0.5  U 

UG/L 

SW8270 

MW- 15 

31 -Aug-95 

Benzo(g,h,i)perylene 

0.5  U 

UG/L 

SW8270 

MW- 15 

31 -Aug-95 

Benzo(k)fluoranthene 

0.5  U 

UG/L 

SW8270 

MW- 15 

31 -Aug-95 

Benzoic  Acid 

0.5  U 

UG/L 

SW8270 

MW- 15 

31 -Aug-95 

Bis(2-ethylhexyl)phthalate 

0.5  U 

UG/L 

SW8270 

MW- 15 

31-Aug-95 

Chrysene 

0.5  U 

UG/L 

SW8270 

MW- 15 

31 -Aug-95 

Flourene 

0.5  U 

UG/L 

SW8270 

MW- 15 

31 -Aug-95 

Fluoranthene 

0.5  U 

UG/L 

SW8270 

MW- 15 

31 -Aug-95 

Indeno(  1 ,2,3-cd)pyrene 

0.5  U 

UG/L 

SW8270 

MW- 15 

31 -Aug-95 

Naphthalene 

0.5  U 

UG/L 

SW8270 

MW- 15 

31 -Aug-95 

Phenanthrene 

0.5  U 

UG/L 

SW8270 

MW- 15 

31 -Aug-95 

Phenol 

0.5  U 

UG/L 

SW8270 

MW- 15 

31 -Aug-95 

Pyrene 

0.5  U 

UG/L 

SW8270 

MW- 16 

31 -Aug-95 

2,4-Dichlorophenol 

0.5  U 

UG/L 

SW8270 

MW- 16 

31 -Aug-95 

2,4-DimethyIphenol 

0.5  U 

UG/L 

SW8270 

MW- 16 

31 -Aug-95 

2-Methylnaphthalene 

0.5  U 

UG/L 

SW8270 

MW- 16 

31 -Aug-95 

2-Methyiphenol 

0.5  U 

UG/L 

SW8270 

MW- 16 

31-Aug-95 

4-Methylphenol 

0.5  U 

UG/L 

SW8270 

MW- 16 

31 -Aug-95 

Acenaphthene 

0.5  U 

UG/L 

SW827i  1 

MW- 16 

31 -Aug-95 

Anthracene 

0.5  U 

UG/L 

SW8270 

MW- 16 

31 -Aug-95 

Benzo(a)anthracene 

0.5  U 

UG/L 

SW8270 

MW- 16 

31 -Aug-95 

Benzo(a)pyrene 

0.5  U 

UG/L 

SW8270  j 

MW- 16 

31 -Aug-95 

Benzo(b)fluoranthene 

0.5  U 

UG/L 

SW8270  1 

MW- 16 

31 -Aug-95 

Benzo(g,h,i)perylene 

0.5  U 

UG/L 

SW8270 

MW- 16 

31 -Aug-95 

Benzo(k)fluoranthene 

0.5  U 

UG/L 

SW8270 

MW-16 

31 -Aug-95 

Benzoic  Acid 

0.5  U 

UG/L 

SW8270 

MW- 16 

31 -Aug-95 

Bis(2-ethylhexyl)phthalate 

0.5  U 

UG/L 

SW8270 

MW-16 

31 -Aug-95 

Chrysene 

0.5  U 

UG/L 

SW8270  | 

MW-16 

31 -Aug-95 

Flourene 

0.5  U 

UG/L 

SW8270  • 

MW-16 

31 -Aug-95 

Fluoranthene 

0.5  U 

UG/L 

SW8270 

MW-16 

3 1 -Aug-95 

lndeno(  1 ,2,3-cd)pyrene 

0.5  U 

UG/L 

SW8270 

MW-16 

31 -Aug-95 

Naphthalene 

0.5  U 

UG/L 

SW8270  I 

MW-16 

31 -Aug-95 

Phenanthrene 

0.5  U 

UG/L 

SW8270 

MW-16  31 -Aug-95 
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Phenol 

0.5  U 

UG/L 

SW8270 
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TABLE  B.8 

GROUNDWATER  DATA  FOR  SEMIVOLATILE  ORGANIC  COMPOUNDS 

AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 

Sample  Sample  Analytical 

Locations _ Date _ Analyte _ Result _ Units _ Method 

MW- 16  31 -Aug-95  Pyrene  0.5  U  UG/L  SW8270 
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TABLE  B.9 

GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MW-01 

1/95 

CL- 

20.8 

mg/L 

N-601 

MW-01 

1/95 

S04 

26.9 

mg/L 

N-601 

MW-01 

1/95 

N02-+N03-  (N) 

0.05 

U 

mg/L 

E353.1 

MW-01 

1/95 

NH3 

0.05 

U 

mg/L 

E350.1 

MW-02 

1/95 

CL- 

27.9 

mg/L 

N-601 

MW-02 

1/95 

S04 

31.0 

mg/L 

N-601 

MW-02 

1/95 

N02-+N03-  (N) 

0.05 

U 

mg/L 

E353.1 

MW-02 

1/95 

NH3 

0.05 

U 

mg/L 

E350.1 

MW-02 

1/95 

CL- 

10.9 

mg/L 

N-601 

MW-03 

1/95 

S04 

27.7 

mg/L 

N-601 

MW-03 

1/95 

N02-+N03-  (N) 

0.05 

U 

mg/L 

E353.1 

MW-03 

1/95 

NH3 

0.05 

U 

mg/L 

E350.1 

MW-04 

1/95 

CL- 

21.5 

mg/L 

N-601 

MW-04 

1/95 

S04 

60.3 

mg/L 

N-601 

MW-04 

1/95 

N02-+N03-  (N) 

0.05 

U 

mg/L 

E353.1 

MW-04 

1/95 

NH3 

0.05 

U 

mg/L 

E350.1 

MW-04  Dup 

1/95 

CL- 

-- 

mg/L 

N-601 

MW-04  Dup 

1/95 

S04 

- 

mg/L 

N-601 

MW-04  Dup 

1/95 

N02-+N03-  (N) 

0.05 

u 

mg/L 

E353.1 

MW-04  Dup 

1/95 

NH3 

-- 

mg/L 

E350.1 

MW-05 

1/95 

CL- 

18.2 

mg/L 

N-601 

MW-05 

1/95 

S04 

10.7 

mg/L 

N-601 

MW-05 

1/95 

N02-+N03-  (N) 

0.05 

u 

mg/L 

E353.1 

MW-05 

1/95 

NH3 

0.05 

u 

mg/L 

E350.1 

MW-111 

1/95 

CL- 

17.9 

mg/L 

N-601 

MW-111 

1/95 

S04 

44.7 

mg/L 

N-601 

MW-111 

1/95 

N02-+N03-  (N) 

0.05 

u 

mg/L 

E353.1 

MW-111 

1/95 

NH3 

0.05 

u 

mg/L 

E350.1 

MW-111  Dup 

1/95 

CL- 

18.0 

mg/L 

N-601 

MW-111  Dup 

1/95 

S04 

44.7 

mg/L 

N-601 

MW-111  Dup 

1/95 

N02-+N03-  (N) 

- 

mg/L 

E353.1 

MW-111  Dup 

1/95 

NH3 

-- 

mg/L 

E350.1 

MW-112 

1/95 

CL- 

16.0 

mg/L 

N-601 

MW-112 

1/95 

S04 

10.2 

mg/L 

N-601 

MW-112 

1/95 

N02-+N03-  (N) 

0.05 

u 

mg/L 

E353.1 

MW-112 

1/95 

NH3 

0.05 

u 

mg/L 

E350.1 

MW-113 

1/95 

CL- 

66.7 

mg/L 

N-601 

MW-113 

1/95 

S04 

20.4 

mg/L 

N-601 

MW-113 

1/95 

N02-+N03-  (N) 

0.05 

u 

mg/L 

E353.1 
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TABLE  B.9 

GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MW-113 

1/95 

NH3 

0.44 

U 

mg/L 

E350.1 

MOC-02 

1/95 

CL- 

27.8 

mg/L 

N-601 

MOC-02 

1/95 

S04 

33.2 

mg/L 

N-601 

MOC-02 

1/95 

N02-+N03-  (N) 

0.05 

U 

mg/L 

E353.1 

MOC-02 

1/95 

NH3 

0.05 

U 

mg/L 

E350.1 

MOV-01-03 

1/95 

CL- 

13.8 

mg/L 

N-601 

MOV-01-03 

1/95 

S04 

1.87 

mg/L 

N-601 

MOV-01-03 

1/95 

N02-+N03-  (N) 

NS 

mg/L 

E353.1 

MOV-01-03 

1/95 

NH3 

NS 

mg/L 

E350.1 

MOC-03 

1/95 

CL- 

22.0 

mg/L 

N-601 

MOC-03 

1/95 

S04 

33.9 

mg/L 

N-601 

MOC-03 

1/95 

N02-+N03-  (N) 

0.05 

u 

mg/L 

E353.1 

MOC-03 

1/95 

NH3 

0.05 

U 

mg/L 

E350.1 

MOC-04 

1/95 

CL- 

23.4 

mg/L 

N-601 

MOC-04 

1/95 

S04 

31.8 

mg/L 

N-601 

MOC-04 

1/95 

N02-+N03-  (N) 

0.05 

u 

mg/L 

E353.1 

MOC-04 

1/95 

NH3 

0.05 

u 

mg/L 

E350.1 

MOC-04  Dup 

1/95 

CL- 

— 

mg/L 

N-601 

MOC-04  Dup 

1/95 

S04 

— 

mg/L 

N-601 

MOC-04  Dup 

1/95 

N02-+N03-  (N) 

0.05 

u 

mg/L 

E353.1 

MOC-04  Dup 

1/95 

NH3 

0.05 

u 

mg/L 

E350.1 

MOC-05 

1/95 

CL- 

28.8 

mg/L 

N-601 

MOC-05 

1/95 

S04 

0.05 

u 

mg/L 

N-601 

MOC-05 

1/95 

N02-+N03-  (N) 

0.08 

mg/L 

E353.1 

MOC-05 

1/95 

NH3 

0.05 

u 

mg/L 

E350.1 

MOC-07 

1/95 

CL- 

27.6 

mg/L 

N-601 

MOC-07 

1/95 

S04 

31.6 

mg/L 

N-601 

MOC-07 

1/95 

N02-+N03-  (N) 

0.07 

mg/L 

E353.1 

MOC-07 

1/95 

NH3 

0.05 

u 

mg/L 

E350.1 

MOC-08 

1/95 

CL- 

10.8 

mg/L 

N-601 

MOC-08 

1/95 

S04 

51.0 

mg/L 

N-601 

MOC-08 

1/95 

N02-+N03-  (N) 

0.07 

mg/L 

E353.1 

MOC-08 

1/95 

NH3 

0.05 

u 

mg/L 

E350.1 

MOC-08  Dup 

1/95 

CL- 

10.9 

mg/L 

N-601 

MOC-08  Dup 

1/95 

S04 

50.5 

mg/L 

N-601 

MOC-08  Dup 

1/95 

N02-+N03-  (N) 

- 

mg/L 

E353.1 

MOC-08  Dup 

1/95 

NH3 

— 

mg/L 

E350.1 

MOC-11 

1/95 

CL- 

26.1 

mg/L 

N-601 

MOC-1 1 

1/95 

S04 

16.7 

mg/L 

N-601 
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TABLE  B.9 

GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MOC-11 

1/95 

N02-+N03-  (N) 

0.08 

mg/L 

E353.1 

MOC-11 

1/95 

NH3 

0.05  U 

mg/L 

E350.1 

MOV-Ol-3 

1/95 

TOC 

19.7 

mg/L 

RSKSOP-102 

MOV-Ol-3 

1/95 

TIC 

37.8 

mg/L 

RSKSOP-102 

MOC-02 

1/95 

TOC 

2.8 

mg/L 

RSKSOP-102 

MOC-02 

1/95 

TIC 

23.7 

mg/L 

RSKSOP-102 

MOC-03 

1/95 

TOC 

3.4 

mg/L 

RSKSOP-102 

MOC-03 

1/95 

TIC 

17.1 

mg/L 

RSKSOP-102 

MOC-04 

1/95 

TOC 

3.6 

mg/L 

RSKSOP-102 

MOC-04 

1/95 

TIC 

28.9 

mg/L 

RSKSOP-102 

MOC-05 

1/95 

TOC 

15.1 

mg/L 

RSKSOP-102 

MOC-05 

1/95 

TIC 

21.9 

mg/L 

RSKSOP-102 

MOC-07 

1/95 

TOC 

3.9 

mg/L 

RSKSOP-102 

MOC-07 

1/95 

TIC 

20.6 

mg/L 

RSKSOP-102 

MOC-07  Dup 

1/95 

TOC 

3.9 

mg/L 

RSKSOP-102 

MOC-07  Dup 

1/95 

TIC 

20.6 

mg/L 

RSKSOP-102 

MOC-08 

1/95 

TOC 

3.2 

mg/L 

RSKSOP-102 

MOC-08 

1/95 

TIC 

24.8 

mg/L 

RSKSOP-102 

MOC-11 

1/95 

TOC 

6.9 

mg/L 

RSKSOP-102 

MOC-11 

1/95 

TIC 

30.1 

mg/L 

RSKSOP-102 

MW-01 

1/95 

TOC 

4.8 

mg/L 

RSKSOP-102 

MW-01 

1/95 

TIC 

14.2 

mg/L 

RSKSOP-102 

MW-02 

1/95 

TOC 

3.7 

mg/L 

RSKSOP-102 

MW-02 

1/95 

TIC 

43.3 

mg/L 

RSKSOP-102 

MW-03 

1/95 

TOC 

3.4 

mg/L 

RSKSOP-102 

MW-03 

1/95 

TIC 

18.6 

mg/L 

RSKSOP-102 

MW-05 

1/95 

TOC 

8.2 

mg/L 

RSKSOP-102 

MW-05 

1/95 

TIC 

38.3 

mg/L 

RSKSOP-102 

MW-111 

1/95 

TOC 

2.4 

mg/L 

RSKSOP-102 

MW-111 

1/95 

TIC 

4.6 

mg/L 

RSKSOP-102 

MW-112 

1/95 

TOC 

27.5 

mg/L 

RSKSOP-102 

MW-112 

1/95 

TIC 

28.0 

mg/L 

RSKSOP-102 

MW-113 

1/95 

TOC 

12.3 

mg/L 

RSKSOP-102 

MW-113 

1/95 

TIC 

12.2 

mg/L 

RSKSOP-102 

MW-113  Dup 

1/95 

TOC 

12.3 

mg/L 

RSKSOP-102 

MW-113  Dup 

1/95 

TIC 

11.7 

mg/L 

RSKSOP-102 

MW-01 

1/95 

Methane 

0.472 

mg/L 

RSKSOP-175  &  -14 

MW-01 

1/95 

Ethylene 

ND 

mg/L 

RSKSOP-175  &  -14 

MW-02 

1/95 

Methane 

0.744 

mg/L 

RSKSOP-175  &  -14 
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TABLE  B.9 

GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MW-02 

1/95 

Ethylene 

ND 

mg/L 

RSKSOP-175  &  -14 

MW-03 

1/95 

Methane 

1.380 

mg/L 

RSKSOP-175  &  -14 

MW-03 

1/95 

Ethylene 

ND 

mg/L 

RSKSOP-175  & -14 

MW-04 

1/95 

Methane 

0.481 

mg/L 

RSKSOP-175  & -14 

MW-04 

1/95 

Ethylene 

ND 

mg/L 

RSKSOP-175  & -14 

MW-05 

1/95 

Methane 

0.585 

mg/L 

RSKSOP-175  & -14 

MW-05 

1/95 

Ethylene 

0.001 

mg/L 

RSKSOP-175  & -14 

MW-111 

1/95 

Methane 

0.115 

mg/L 

RSKSOP-175  & -14 

MW-111 

1/95 

Ethylene 

ND 

mg/L 

RSKSOP-175  & -14 

MW-112 

1/95 

Methane 

1.104 

mg/L 

RSKSOP-175  & -14 

MW- 112 

1/95 

Ethylene 

ND 

mg/L 

RSKSOP-175  & -14 

MW-113 

1/95 

Methane 

0.842 

mg/L 

RSKSOP-175  & -14 

MW-113 

1/95 

Ethylene 

ND 

mg/L 

RSKSOP-175  & -14 

MV-01-3 

1/95 

Methane 

3.167 

mg/L 

RSKSOP-175  & -14 

MV-01-3 

1/95 

Ethylene 

ND 

mg/L 

RSKSOP-175  & -14 
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TABLE  B.10 

GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 
AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Locations 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

AS-01 

29-Aug-95 

Methane 

0.31 

MG/L 

RSKSOP175 

AS-01 

29-Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

AS-01 

29-Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

AS-02 

31 -Aug-95 

Methane 

0.42 

MG/L 

RSKSOP175 

AS-02 

31 -Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

AS-02 

31 -Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MOC-02 

28-Aug-95 

Carbon  Dioxide 

337 

MG/L 

C02 

MOC-02 

28-Aug-95 

Methane 

0.57 

MG/L 

RSKSOP175 

MOC-02 

28-Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MOC-02 

28-Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MOC-03 

1 -Sep-95 

Methane 

0.156 

MG/L 

RSKSOP175 

MOC-03 

1 -Sep-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MOC-03 

1 -Sep-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MOC-04 

1 -Sep-95 

Methane 

0.108 

MG/L 

RSKSOP175 

MOC-04 

1 -Sep-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MOC-04 

1 -Sep-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MOC-05 

29-Aug-95 

Methane 

0.38 

MG/L 

RSKSOP175 

MOC-05 

29-Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MOC-05 

29-Aug-95 

Nitrogen,  Nitrite 

0.1 

MG/L 

E300.0 

MOC-07 

29-Aug-95 

Methane 

0.48 

MG/L 

RSKSOP175 

MOC-07 

29-Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MOC-07 

29-Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MOC-08 

28-Aug-95 

Carbon  Dioxide 

253 

MG/L 

C02 

MOC-08 

28-Aug-95 

Methane 

0.201 

MG/L 

RSKSOP175 

MOC-08 

28-Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MOC-08 

28-Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MOC-IO 

29-Aug-95 

Carbon  Dioxide 

293 

MG/L 

C02 

MOC-IO 

29-Aug-95 

Methane 

1.21 

MG/L 

RSKSOP175 

MOC-IO 

29-Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MOC-IO 

29-Aug-95 

Nitrogen,  Nitrite 

0.12 

MG/L 

E300.0 

MOC-11 

31 -Aug-95 

Methane 

0.214 

MG/L 

RSKSOP175 

MOC-1 1 

31 -Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MOC-11 

31 -Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MOC-1 2 

29-Aug-95 

Carbon  Dioxide 

297 

MG/L 

C02 

MOC-1 2 

29-Aug-95 

Methane 

0.3 

MG/L 

RSKSOP175 

MOC-1 2 

29-Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MOC-1 2 

29-Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MOC-1 3 

30-Aug-95 

Methane 

0.262 

MG/L 

RSKSOP175 

MOC-1 3 

30-Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MOC-1 3 

30- Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 
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TABLE  B.10 

GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 
AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Locations 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MOC-19 

30-Aug-95 

Carbon  Dioxide 

169 

MG/L 

C02 

MOC-19 

30-Aug-95 

Methane 

0.058 

MG/L 

RSKSOP175 

MOC-19 

30-Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MOC-19 

30-Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MOC-20 

30-Aug-95 

Methane 

0.162 

MG/L 

RSKSOP175 

MOC-20 

30-Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MOC-20 

30-Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MOC-21 

29-Aug-95 

Carbon  Dioxide 

257 

MG/L 

C02 

MOC-21 

29-Aug-95 

Methane 

0.31 

MG/L 

RSKSOP175 

MOC-21 

29-Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MOC-21 

29-Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MW-01 

1 -Sep-95 

Methane 

0.252 

MG/L 

RSKSOP175 

MW-01 

1 -Sep-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MW-01 

1 -Sep-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MW-02 

28-Aug-95 

Carbon  Dioxide 

319 

MG/L 

C02 

MW-02 

28-Aug-95 

Methane 

0.54 

MG/L 

RSKSOP175 

MW-02 

28-Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MW-02 

28-Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MW-03 

30-Aug-95 

Methane 

0.31 

MG/L 

RSKSOP175 

MW-03 

30-Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MW-03 

30-Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MW-04 

30-Aug-95 

Methane 

0.45 

MG/L 

RSKSOP175 

MW-04 

30-Aug-95 

Nitrogen,  Nitrate 

0.069 

MG/L 

E300.0 

MW-04 

30-Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MW-05 

31 -Aug-95 

Methane 

0.47 

MG/L 

RSKSOP175 

MW-05 

31 -Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MW-05 

3 1 -Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MW-06 

29-Aug-95 

Carbon  Dioxide 

246 

MG/L 

C02 

MW-06 

29-Aug-95 

Methane 

0.162 

MG/L 

RSKSOP175 

MW-06 

29-Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MW-06 

29-Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MW-07 

28-Aug-95 

Carbon  Dioxide 

348 

MG/L 

C02 

MW-07 

28-Aug-95 

Methane 

0.095 

MG/L 

RSKSOP175 

MW-07 

28-Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MW-07 

28-Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MW-08 

1 -Sep-95 

Methane 

0.072 

MG/L 

RSKSOP175 

MW-08 

1 -Sep-95 

Nitrogen,  Nitrate 

0.06 

MG/L 

E300.0 

MW-08 

1 -Sep-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MW-09 

28-Aug-95 

Carbon  Dioxide 

315 

MG/L 

C02 

MW-09 

28-Aug-95 

Methane 

0.33 

MG/L 

RSKSOP175 

MW-09 

28-Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 
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TABLE  B.10 

GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 
AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Locations 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MW-09 

28-Aug-95 

Nitrogen,  Nitrite 

0.1  u 

MG/L 

E300.0 

MW- 10 

2  8- Aug-95 

Carbon  Dioxide 

253 

MG/L 

C02 

MW- 10 

28-Aug-95 

Methane 

0.85 

MG/L 

RSKSOP175 

MW- 10 

28-Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MW- 10 

28-Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MW- 11 

30-Aug-95 

Methane 

0.59 

MG/L 

RSKSOP175 

MW- 11 

30-Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MW- 11 

30- Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MW-111 

1 -Sep-95 

Carbon  Dioxide 

235 

MG/L 

C02 

MW-111 

1 -Sep-95 

Methane 

0.061 

MG/L 

RSKSOP175 

MW-111 

1 -Sep-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MW-111 

1 -Sep-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MW-112 

29-Aug-95 

Carbon  Dioxide 

290 

MG/L 

C02 

MW-112 

29-Aug-95 

Methane 

0.66 

MG/L 

RSKSOP175 

MW-112 

29-Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MW-112 

29-Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MW-113 

31 -Aug-95 

Methane 

0.95 

MG/L 

RSKSOP175 

MW-113 

31 -Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MW-113 

31-Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MW- 12 

31 -Aug-95 

Methane 

0.35 

MG/L 

RSKSOP175 

MW- 12 

31 -Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MW- 12 

31 -Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MW- 13 

31 -Aug-95 

Methane 

0.128 

MG/L 

RSKSOP175 

MW- 13 

31 -Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MW- 13 

31 -Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MW- 14 

30-Aug-95 

Carbon  Dioxide 

235 

MG/L 

C02 

MW- 14 

30- Aug-95 

Methane 

0.079 

MG/L 

RSKSOP175 

MW-14 

30- Aug-95 

Nitrogen,  Nitrate 

0.082 

MG/L 

E300.0 

MW- 14 

30-Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MW- 15 

31 -Aug-95 

Carbon  Dioxide 

136 

MG/L 

C02 

MW- 15 

31-Aug-95 

Methane 

0.57 

MG/L 

RSKSOP175 

MW- 15 

31 -Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MW- 15 

31 -Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MW- 16 

31 -Aug-95 

Carbon  Dioxide 

260 

MG/L 

C02 

MW- 16 

31 -Aug-95 

Methane 

0.101 

MG/L 

RSKSOP175 

MW- 16 

31 -Aug-95 

Nitrogen,  Nitrate 

0.066 

MG/L 

E300.0 

MW- 16 

31 -Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MW- 17 

30- Aug-95 

Methane 

0.037 

MG/L 

RSKSOP175 

MW- 17 

30-Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MW- 17 

30-Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 

MW- 18 

31 -Aug-95 

Carbon  Dioxide 

235 

MG/L 

C02 
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TABLE  B.10 

GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 
AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Locations 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MW- 18 

31 -Aug-95 

Methane 

0.098 

MG/L 

RSKSOP175 

MW- 18 

31 -Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MW- 18 

31 -Aug-95 

Nitrogen,  Nitrite 

0.1  u 

MG/L 

E300.0 

MW- 19 

30- Aug-95 

Methane 

0.1 

MG/L 

RSKSOP175 

MW- 19 

30-Aug-95 

Nitrogen,  Nitrate 

0.056  U 

MG/L 

E300.0 

MW- 19 

30-Aug-95 

Nitrogen,  Nitrite 

0.1  U 

MG/L 

E300.0 
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TABLE  B.ll 

FIELD  GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 
JANUARY  AND  AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Method 

MOC-02 

28-Aug-95 

Ferrous  Iron 

2.8 

mg/l 

H8146 

Total  Iron 

2.8 

mg/1 

Carbon  Dioxide 

170 

mg/l 

H8223 

Alkalinity 

120 

mg/l 

H8221 

Sulfate 

36.12 

mg/l 

H8051 

Sulfide(S) 

0 

mg/l 

H8131 

Temperature 

27.60 

DegC 

FTEMP 

Specific  Conductance 

359.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.42 

mg/l 

FDO 

Redox  Potential 

-227.00 

pE  units 

FREDOX 

MOC-03 

l-Sep-95 

Ferrous  Iron 

1.5 

mg/l 

H8146 

Total  Iron 

1.52 

mg/l 

Carbon  Dioxide 

170 

mg/l 

H8223 

Alkalinity 

100 

mg/l 

H8221 

Sulfate 

34.55 

mg/l 

H8051 

Sulfide(S) 

0.1 

mg/l 

H8131 

Temperature 

29.10 

DegC 

FTEMP 

pH 

5.88 

pH  units 

FPH 

Specific  Conductance 

138.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.11 

mg/l 

FDO 

Redox  Potential 

-256.00 

pE  units 

FREDOX 

MOC-04 

l-Sep-95 

Ferrous  Iron 

1.29 

mg/l 

H8146 

Total  Iron 

1.33 

mg/l 

Carbon  Dioxide 

155 

mg/l 

H8223 

Alkalinity 

120 

mg/l 

H8221 

Sulfate 

30.91 

mg/l 

H8051 

Sulfide(S) 

0.4 

mg/l 

H8131 

Temperature 

30.10 

DegC 

FTEMP 

PH 

6.05 

pH  units 

FPH 

Specific  Conductance 

192.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

1.30 

mg/l 

FDO 

Redox  Potential 

-239.00 

pE  units 

FREDOX 

MOC-05 

29-Aug-95 

Ferrous  Iron 

3.57 

mg/I 

H8146 

Total  Iron 

3.54 

mg/l 

Carbon  Dioxide 

265 

mg/l 

H8223 

Alkalinity 

100 

mg/l 

H8221 

Sulfate 

0.86 

mg/l 

H8051 

Sulfide(S) 

5 

mg/l 

H8131 

Temperature 

25.20 

Deg  C 

FTEMP 
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TABLE  B.ll 

FIELD  GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 
JANUARY  AND  AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Method 

PH 

5.47 

pH  units 

FPH 

Specific  Conductance 

186.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.38 

mg/l 

FDO 

Redox  Potential 

-244.00 

pE  units 

FREDOX 

MOC-07 

29-Aug-95 

Ferrous  Iron 

2.05 

mg/l 

H8146 

Total  Iron 

1.97 

mg/l 

Carbon  Dioxide 

280 

mg/l 

H8223 

Alkalinity 

100 

mg/l 

H8221 

Sulfate 

32.44 

mg/l 

H8051 

Sulfide(S) 

0.3 

mg/l 

H8131 

Temperature 

27.70 

Deg  C 

FTEMP 

pH 

5.55 

pH  units 

FPH 

Specific  Conductance 

211.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.50 

mg/l 

FDO 

Redox  Potential 

-228.00 

pE  units 

FREDOX 

MOC-08 

28-Aug-95 

Ferrous  Iron 

5.85 

mg/l 

H8146 

Total  Iron 

7.5 

mg/l 

Carbon  Dioxide 

195 

mg/l 

H8223 

Alkalinity 

100 

mg/l 

H8221 

Sulfate 

44.79 

mg/l 

H8051 

Sulfide(S) 

0 

mg/l 

H8131 

Temperature 

28.10 

DegC 

FTEMP 

PH 

6.04 

pH  units 

FPH 

Specific  Conductance 

290.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.40 

mg/l 

FDO 

MOC-IO 

29-Aug-95 

Ferrous  Iron 

1.04 

mg/l 

H8146 

Total  Iron 

1 

mg/l 

Carbon  Dioxide 

215 

mg/l 

H8223 

Alkalinity 

120 

mg/l 

H8221 

Sulfate 

29.38 

mg/l 

H8051 

Sulfide(S) 

0.8 

mg/l 

H8131 

Temperature 

28.40 

DegC 

FTEMP 

pH 

5.87 

pH  units 

FPH 

Specific  Conductance 

290.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.97 

mg/l 

FDO 

Redox  Potential 

-265.00 

pE  units 

FREDOX 

MOC-11 

31 -Aug-95 

Ferrous  Iron 

1.39 

mg/l 

H8146 

Total  Iron 

1.4 

mg/l 

Carbon  Dioxide 

185 

mg/l 

H8223 
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TABLE  B.ll 

FIELD  GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 
JANUARY  AND  AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 


MOC-12 


MOC-13 


MOC-19 


Sample 

Date _ Analyte  _ . _ Result  Units _ Method 

Alkalinity 
Sulfate 
Sulfide(S) 

Temperature 
PH 

Specific  Conductance 
Dissolved  Oxygen 
Redox  Potential 


29- Aug-95  Ferrous  Iron 

Total  Iron 

Carbon  Dioxide 

Alkalinity 

Sulfate 

Sulfide(S) 

Temperature 

pH 

Specific  Conductance 
Dissolved  Oxygen 
Redox  Potential 

30- Aug-95  Ferrous  Iron 

Total  Iron 

Carbon  Dioxide 

Alkalinity 

Sulfate 

Sulfide(S) 

Temperature 

pH 

Specific  Conductance 
Dissolved  Oxygen 
Redox  Potential 

30-Aug-95  Ferrous  Iron 
Total  Iron 
Carbon  Dioxide 
Alkalinity 
Sulfate 
Sulfide(S) 
Temperature 
PH 

Specific  Conductance 
Dissolved  Oxygen 


100 

mg/1 

H8221 

17.66 

mg/1 

H8051 

0.1 

mg/1 

H8131 

28.70 

Deg  C 

FTEMP 

5.81 

pH  units 

FPH 

176.00 

mmhos/cm 

FCOND 

0.28 

mg/1 

FDO 

-200.00 

pE  units 

FREDOX 

0.54 

mg/1 

H8146 

0.56 

mg/1 

220 

mg/1 

H8223 

160 

mg/1 

H8221 

38.23 

mg/1 

H8051 

0 

mg/1 

H8131 

26.30 

Deg  C 

FTEMP 

5.93 

pH  units 

FPH 

303.00 

mmhos/cm 

FCOND 

0.79 

mg/1 

FDO 

-178.00 

pE  units 

FREDOX 

1.12 

mg/1 

H8146 

0.45 

mg/1 

105 

mg/1 

H8223 

240 

mg/1 

H8221 

22.2 

mg/1 

H8051 

0 

mg/1 

H8131 

27.40 

Deg  C 

FTEMP 

6.46 

pH  units 

FPH 

345.00 

mmhos/cm 

FCOND 

0.43 

mg/1 

FDO 

-210.00 

pE  units 

FREDOX 

0.98 

mg/1 

H8146 

1.05 

mg/1 

140 

mg/l 

H8223 

100 

mg/1 

H8221 

24.35 

mg/1 

H8051 

0 

mg/1 

H8131 

24.90 

Deg  C 

FTEMP 

6.03 

pH  units 

FPH 

75.00 

mmhos/cm 

FCOND 

0.34 

mg/1 

FDO 
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TABLE  B.ll 

FIELD  GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 
JANUARY  AND  AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Method 

Redox  Potential 

-108.00 

pE  units 

FREDOX 

MOC-20 

30-Aug-95 

Ferrous  Iron 

0.82 

mg/l 

H8146 

Total  Iron 

0.8 

mg/1 

Carbon  Dioxide 

200 

mg/l 

H8223 

Alkalinity 

120 

mg/l 

H8221 

Sulfate 

39.19 

mg/l 

H8051 

Sulfide(S) 

0 

mg/l 

H8131 

Temperature 

26.10 

Deg  C 

FTEMP 

PH 

5.76 

pH  units 

FPH 

Specific  Conductance 

200.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.35 

mg/l 

FDO 

Redox  Potential 

-155.00 

pE  units 

FREDOX 

MOC-2 1 

29-Aug-95 

Ferrous  Iron 

1.58 

mg/l 

H8146 

Total  Iron 

1.62 

mg/l 

Carbon  Dioxide 

190 

mg/l 

H8223 

Alkalinity 

160 

mg/l 

H8221 

Sulfate 

36.84 

mg/l 

H8051 

Sulfide(S) 

0 

mg/l 

H8131 

Temperature 

27.20 

Deg  C 

FTEMP 

PH 

5.95 

pH  units 

FPH 

Specific  Conductance 

•  142.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.20 

mg/l 

FDO 

Redox  Potential 

-231.00 

pE  units 

FREDOX 

MW-01 

1 -Sep-95 

Ferrous  Iron 

3.81 

mg/l 

H8146 

Total  Iron 

3.94 

mg/I 

Carbon  Dioxide 

170 

mg/l 

H8223 

Alkalinity 

100 

mg/l 

H8221 

Sulfate 

29.19 

mg/l 

H8051 

Sulfide(S) 

0 

mg/l 

H8131 

Temperature 

27.70 

Deg  C 

FTEMP 

pH 

5.68 

pH  units 

FPH 

Specific  Conductance 

281.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.30 

mg/l 

FDO 

Redox  Potential 

-193.00 

pE  units 

FREDOX 

MW-02 

28-Aug-95 

Ferrous  Iron 

17.7 

mg/l 

H8146 

Total  Iron 

20.75 

mg/l 

Carbon  Dioxide 

195 

mg/l 

H8223 

Alkalinity 

130 

mg/l 

H8221 

Sulfate 

121.75 

mg/l 

H8051 
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TABLE  B.ll 

FIELD  GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 
JANUARY  AND  AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Method 

Sulfide(S) 

0 

mg/1 

H8131 

Temperature 

28.30 

Deg  C 

FTEMP 

Specific  Conductance 

445.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.30 

mg/1 

FDO 

Redox  Potential 

-177.00 

pE  units 

FREDOX 

MW-03 

30-Aug-95 

Ferrous  Iron 

1.51 

mg/1 

H8146 

Total  Iron 

1.73 

mg/1 

Carbon  Dioxide 

154 

mg/1 

H8223 

Alkalinity 

80 

mg/1 

H8221 

Sulfate 

27.27 

mg/1 

H8051 

Sulfide(S) 

0 

mg/1 

H8131 

Temperature 

26.50 

Deg  C 

FTEMP 

pH 

5.87 

pH  units 

FPH 

Specific  Conductance 

76.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.10 

mg/l 

FDO 

Redox  Potential 

-205.00 

pE  units 

FREDOX 

MW-04 

30-Aug-95 

Ferrous  Iron 

1.29 

mg/l 

H8146 

Total  Iron 

1.23 

mg/l 

Carbon  Dioxide 

190 

mg/l 

H8223 

Alkalinity 

160 

mg/l 

H8221 

Sulfate 

48.37 

mg/l 

H8051 

Sulfide(S) 

0 

mg/l 

H8131 

Temperature 

26.50 

Deg  C 

FTEMP 

pH 

6.02 

pH  units 

FPH 

Specific  Conductance 

283.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.29 

mg/l 

FDO 

Redox  Potential 

-180.00 

pE  units 

FREDOX 

MW-05 

31 -Aug-95 

Ferrous  Iron 

0.04 

mg/l 

H8146 

Total  Iron 

1.44 

mg/l 

Carbon  Dioxide 

140 

mg/l 

H8223 

Alkalinity 

220 

mg/l 

H8221 

Sulfate 

1 

mg/l 

H8051 

Sulfide(S) 

0 

mg/l 

H8131 

Temperature 

26.50 

Deg  C 

FTEMP 

pH 

6.24 

pH  units 

FPH 

Specific  Conductance 

293.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

1.10 

mg/l 

FDO 

Redox  Potential 

-14.00 

pE  units 

FREDOX 

MW-06 

29-Aug-95 

Ferrous  Iron 

3.31 

mg/l 

H8146 
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TABLE  B.ll 

FIELD  GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 
JANUARY  AND  AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Method 

Total  Iron 

3.2 

mg/1 

Carbon  Dioxide 

184 

mg/1 

H8223 

Alkalinity 

120 

mg/1 

H8221 

Sulfate 

36.12 

mg/1 

H8051 

Sulfide(S) 

0 

mg/1 

H8131 

Temperature 

26.30 

Deg  C 

FTEMP 

pH 

5.97 

pH  units 

FPH 

Specific  Conductance 

130.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.43 

mg/l 

FDO 

Redox  Potential 

-204.00 

pE  units 

FREDOX 

MW-07 

28-Aug-95 

Ferrous  Iron 

4.2 

mg/l 

H8146 

Total  Iron 

4.13 

mg/l 

Carbon  Dioxide 

210 

mg/l 

H8223 

Alkalinity 

80 

mg/l 

H8221 

Sulfate 

44.55 

mg/l 

H8051 

Sulfide(S) 

0 

mg/l 

H8131 

Temperature 

27.50 

Deg  C 

FTEMP 

Specific  Conductance 

363.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.68 

mg/l 

FDO 

MW-08 

1 -Sep-95 

Ferrous  Iron 

0.05 

mg/l 

H8146 

Total  Iron 

0.03 

mg/l 

Carbon  Dioxide 

100 

mg/l 

H8223 

Alkalinity 

240 

mg/l 

H8221 

Sulfate 

62.8 

mg/l 

H8051 

Sulfide(S) 

0 

mg/l 

H8131 

MW-09 

28-Aug-95 

Ferrous  Iron 

2.54 

mg/l 

H8146 

Total  Iron 

2.6 

mg/i 

Carbon  Dioxide 

215 

mg/l 

H8223 

Alkalinity 

120 

mg/l 

H8221 

Sulfate 

34.02 

mg/l 

H8051 

Sulfide(S) 

0 

mg/l 

H8131 

Temperature 

29.00 

Deg  C 

FTEMP 

Specific  Conductance 

293.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.30 

mg/l 

FDO 

Redox  Potential 

-206.00 

pE  units 

FREDOX 

MW-10 

28-Aug-95 

Ferrous  Iron 

1.7 

mg/l 

H8146 

Total  Iron 

1.83 

mg/I 

Carbon  Dioxide 

155 

mg/l 

H8223 

Alkalinity 

80 

mg/l 

H8221 
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TABLE  B.ll 

FIELD  GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 
JANUARY  AND  AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 


MW- 11 


MW- 12 


MW- 13 


Sample 

Date _ Analyte _ Result  Units _ Method 

Sulfate 
Sulfide(S) 

Temperature 
Specific  Conductance 
Dissolved  Oxygen 
Redox  Potential 


30-Aug-95  Ferrous  Iron 
Total  Iron 
Carbon  Dioxide 
Alkalinity 
Sulfate 
Sulfide(S) 
Temperature 
pH 

Specific  Conductance 
Dissolved  Oxygen 
Redox  Potential 

3 1  -  Aug-95  Ferrous  Iron 

Total  Iron 
Carbon  Dioxide 
Alkalinity 
Sulfate 
Sulfide(S) 
Temperature 
pH 

Specific  Conductance 
Dissolved  Oxygen 
Redox  Potential 

3 1  -Aug-95  Ferrous  Iron 
Total  Iron 
Carbon  Dioxide 
Alkalinity 
Sulfate 
Sulfide(S) 
Temperature 
PH 

Specific  Conductance 
Dissolved  Oxygen 
Redox  Potential 


27.27 

mg/1 

H8051 

0 

mg/1 

H8131 

28.00 

Deg  C 

FTEMP 

253.00 

mmhos/cm 

FCOND 

0.41 

mg/1 

FDO 

-175.00 

pE  units 

FREDOX 

0.82 

mg/1 

H8146 

0.78 

mg/1 

181 

mg/1 

H8223 

120 

mg/1 

H8221 

16.46 

mg/1 

H8051 

0 

mg/1 

H8131 

25.30 

Deg  C 

FTEMP 

6.16 

pH  units 

FPH 

142.00 

mmhos/cm 

FCOND 

0.19 

mg/1 

FDO 

-227.00 

pE  units 

FREDOX 

0.68 

mg/1 

H8146 

0.59 

mg/1 

54 

mg/1 

H8223 

180 

mg/1 

H8221 

5.79 

mg/1 

H8051 

0 

mg/1 

H8131 

23.60 

Deg  C 

FTEMP 

6.87 

pH  units 

FPH 

281.00 

mmhos/cm 

FCOND 

0.09 

mg/1 

FDO 

-19.00 

pE  units 

FREDOX 

0.72 

mg/1 

H8146 

0.74 

mg/1 

160 

mg/1 

H8223 

60 

mg/1 

H8221 

19.19 

mg/1 

H8051 

0.1 

mg/1 

H8131 

27.50 

Deg  C 

FTEMP 

5.11 

pH  units 

FPH 

72.00 

mmhos/cm 

FCOND 

0.20 

mg/l 

FDO 

-185.00 

pE  units 

FREDOX 

K:\MYRTLE\DATABASE\B1  l.XLS 


TABLE  B.ll 

FIELD  GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 
JANUARY  AND  AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Method 

MW- 14 

30- Aug-95 

Ferrous  Iron 

0.61 

mg/l 

H8146 

Total  Iron 

0.63 

mg/1 

Carbon  Dioxide 

160 

mg/l 

H8223 

Alkalinity 

160 

mg/l 

H8221 

Sulfate 

48.9 

mg/l 

H8051 

Sulfide(S) 

0 

mg/l 

H8131 

Temperature 

28.60 

Deg  C 

FTEMP 

pH 

6.16 

pH  units 

FPH 

Specific  Conductance 

217.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.52 

mg/l 

FDO 

Redox  Potential 

67.00 

pE  units 

FREDOX 

MW- 15 

31 -Aug-95 

Ferrous  Iron 

0.93 

mg/l 

H8146 

Total  Iron 

1.31 

mg/l 

Carbon  Dioxide 

36 

mg/l 

H8223 

Alkalinity 

180 

mg/l 

H8221 

Sulfate 

22.63 

mg/l 

H8051 

Sulfide(S) 

0 

mg/l 

H8131 

Temperature 

24.10 

Deg  C 

FTEMP 

PH 

7.39 

pH  units 

FPH 

Specific  Conductance 

140.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.01 

mg/l 

FDO 

Redox  Potential 

-199.00 

pE  units 

FREDOX 

MW- 16 

31 -Aug-95 

Ferrous  Iron 

1.17 

mg/l 

H8146 

Total  Iron 

1.18 

mg/l 

Carbon  Dioxide 

106 

mg/l 

H8223 

Alkalinity 

220 

mg/l 

H8221 

Sulfate 

6.89 

mg/l 

H8051 

Sulfide(S) 

0 

mg/l 

H8131 

Temperature 

22.10 

Deg  C 

FTEMP 

PH 

6.57 

pH  units 

FPH 

Specific  Conductance 

374.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.20 

mg/l 

FDO 

Redox  Potential 

4.00 

pE  units 

FREDOX 

MW- 17 

30-Aug-95 

Ferrous  Iron 

0.64 

mg/l 

H8146 

Total  Iron 

0.45 

mg/l 

Carbon  Dioxide 

120 

mg/l 

H8223 

Alkalinity 

200 

mg/l 

H8221 

Sulfate 

44.16 

mg/l 

H8051 

Sulfide(S) 

0 

mg/l 

H8131 

Temperature 

24.10 

Deg  C 

FTEMP 
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TABLE  B.ll 

FIELD  GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 
JANUARY  AND  AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Method 

pH 

6.53 

pH  units 

FPH 

Specific  Conductance 

373.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.42 

mg/l 

FDO 

Redox  Potential 

58.00 

pE  units 

FREDOX 

MW- 18 

31 -Aug-95 

Ferrous  Iron 

0.99 

mg/l 

H8146 

Total  Iron 

0.81 

mg/l 

Carbon  Dioxide 

56 

mg/l 

H8223 

Alkalinity 

240 

mg/l 

H8221 

Sulfate 

25.8 

mg/l 

H8051 

Sulfide(S) 

0 

mg/l 

H8131 

Temperature 

22.80 

Deg  C 

FTEMP 

pH 

6.84 

pH  units 

FPH 

Specific  Conductance 

396.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.18 

mg/l 

FDO 

Redox  Potential 

-39.00 

pE  units 

FREDOX 

MW- 19 

30-Aug-95 

Ferrous  Iron 

1.18 

mg/l 

H8146 

Total  Iron 

1.35 

mg/l 

Carbon  Dioxide 

150 

mg/l 

H8223 

Alkalinity 

280 

mg/l 

H8221 

Sulfate 

37.56 

mg/l 

H8051 

Sulfide(S) 

0 

mg/l 

H8131 

Temperature 

28.50 

Deg  C 

FTEMP 

pH 

6.56 

pH  units 

FPH 

Specific  Conductance 

383.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.15 

mg/l 

FDO 

Redox  Potential 

-45.00 

pE  units 

FREDOX 

MW-lll 

l-Sep-95 

Ferrous  Iron 

2.48 

mg/l 

H8146 

Total  Iron 

2.43 

mg/l 

Carbon  Dioxide 

180 

mg/l 

H8223 

Alkalinity 

40 

mg/l 

H8221 

Sulfate 

43.11 

mg/l 

H8051 

Sulfide(S) 

0.2 

mg/l 

H8131 

Temperature 

25.70 

Deg  C 

FTEMP 

pH 

5.42 

pH  units 

FPH 

Specific  Conductance 

171.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.16 

mg/l 

FDO 

Redox  Potential 

-136.00 

pE  units 

FREDOX 

MW-112 

29-Aug-95 

Ferrous  Iron 

9.53 

mg/l 

H8146 

Total  Iron 

9.02 

mg/l 
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TABLE  B.ll 

FIELD  GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 
JANUARY  AND  AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Method 

Carbon  Dioxide 

230 

mg/l 

H8223 

Alkalinity 

140 

mg/1 

H8221 

Sulfate 

8.66 

mg/l 

H8051 

Sulfide(S) 

1 

mg/l 

H8131 

Temperature 

27.00 

Deg  C 

FTEMP 

pH 

5.80 

pH  units 

FPH 

Specific  Conductance 

218.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.05 

mg/l 

FDO 

Redox  Potential 

-260.00 

pE  units 

FREDOX 

MW-113 

31 -Aug-95 

Ferrous  Iron 

3.09 

mg/l 

H8146 

Total  Iron 

3.33 

mg/l 

Carbon  Dioxide 

100 

mg/l 

H8223 

Alkalinity 

80 

mg/l 

H8221 

Sulfate 

6.56 

mg/l 

H8051 

Sulfide(S) 

0.5 

mg/l 

H8131 

Temperature 

26.30 

Deg  C 

FTEMP 

pH 

5.88 

pH  units 

FPH 

Specific  Conductance 

123.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.10 

mg/l 

FDO 

Redox  Potential 

-259.00 

pE  units 

FREDOX 

AS-01 

29-Aug-95 

Ferrous  Iron 

2.26 

mg/l 

H8146 

Total  Iron 

2.14 

mg/l 

Carbon  Dioxide 

138 

mg/l 

H8223 

Alkalinity 

200 

mg/I 

H8221 

Sulfate 

34.55 

mg/l 

H8051 

Sulfide(S) 

0 

mg/l 

H8I31 

Temperature 

26.50 

Deg  C 

FTEMP 

PH 

6.28 

pH  units 

FPH 

Specific  Conductance 

374.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.06 

mg/l 

FDO 

Redox  Potential 

-210.00 

pE  units 

FREDOX 

AS-02 

31 -Aug-95 

Ferrous  Iron 

0.28 

mg/l 

H8146 

Total  Iron 

0.28 

mg/l 

Carbon  Dioxide 

200 

mg/l 

H8223 

Alkalinity 

160 

mg/l 

H8221 

Sulfate 

20.81 

mg/l 

H8051 

Sulfide(S) 

1 

mg/l 

H8131 

Temperature 

26.30 

Deg  C 

FTEMP 

PH 

5.97 

pH  units 

FPH 

Specific  Conductance 

260.00 

mmhos/cm 

FCOND 
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TABLE  B.ll 

FIELD  GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 
JANUARY  AND  AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Method 

Dissolved  Oxygen 

0.25 

mg/1 

FDO 

Redox  Potential 

-288.00 

pE  units 

FREDOX 

MOC-02 

16- Jan-95 

Ferrous  Iron 

4 

mg/1 

H8146 

Total  Iron 

3.46 

mg/1 

Carbon  Dioxide 

314 

mg/1 

H8223 

Alkalinity 

75 

mg/1 

H8221 

Sulfate 

33.2 

mg/1 

H8051 

Sulflde(S) 

0.1 

mg/1 

H8131 

Temperature 

22.10 

Deg  C 

FTEMP 

pH 

5.80 

pH  units 

FPH 

Specific  Conductance 

361.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.09 

mg/1 

FDO 

Redox  Potential 

-224.00 

pE  units 

FREDOX 

MOC-03 

16- Jan-95 

Ferrous  Iron 

3 

mg/1 

H8146 

Total  Iron 

2.11 

mg/1 

Carbon  Dioxide 

260 

mg/1 

H8223 

Alkalinity 

52 

mg/1 

H8221 

Sulfate 

33.9 

mg/1 

H8051 

Sulfide(S) 

0.1 

mg/1 

H8131 

Temperature 

22.40 

Deg  C 

FTEMP 

pH 

5.80 

pH  units 

FPH 

Specific  Conductance 

295.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.06 

mg/l 

FDO 

Redox  Potential 

-296.00 

pE  units 

FREDOX 

MOC-04 

17-Jan-95 

Ferrous  Iron 

3.6 

mg/l 

H8146 

Total  Iron 

3.29 

mg/l 

Carbon  Dioxide 

198 

mg/l 

H8223 

Alkalinity 

65 

mg/l 

H8221 

Sulfate 

31.8 

mg/l 

H8051 

Sulfide(S) 

0.5 

mg/l 

H8131 

Temperature 

14.40 

Deg  C 

FTEMP 

PH 

5.90 

pH  units 

FPH 

Specific  Conductance 

311.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.38 

mg/l 

FDO 

Redox  Potential 

-234.00 

pE  units 

FREDOX 

MOC-05 

17-Jan-95 

Ferrous  Iron 

8.1 

mg/l 

H8146 

Carbon  Dioxide 

388 

mg/l 

H8223 

Alkalinity 

60 

mg/l 

H8221 

Sulfate 

0.5 

mg/l 

H8051 
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TABLE  B.ll 

FIELD  GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 
JANUARY  AND  AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Method 

Sulftde(S) 

10 

mg/l 

H8131 

Temperature 

20.00 

Deg  C 

FTEMP 

pH 

5.60 

pH  units 

FPH 

Specific  Conductance 

201.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.09 

mg/l 

FDO 

Redox  Potential 

-244.00 

pE  units 

FREDOX 

MOC-07 

16- Jan-95 

Ferrous  Iron 

4.6 

mg/l 

H8146 

Total  Iron 

4.24 

mg/l 

Carbon  Dioxide 

430 

mg/l 

H8223 

Alkalinity 

43 

mg/l 

H8221 

Sulfate 

31.6 

mg/l 

H8051 

Sulfide(S) 

2 

mg/l 

H8131 

Temperature 

21.20 

Deg  C 

FTEMP 

pH 

5.50 

pH  units 

FPH 

Specific  Conductance 

273.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.27 

mg/l 

FDO 

Redox  Potential 

-258.00 

pE  units 

FREDOX 

MOC-08 

1 6-Jan-95 

Ferrous  Iron 

2 

mg/l 

H8146 

Total  Iron 

11.1 

mg/l 

Carbon  Dioxide 

320 

mg/l 

H8223 

Alkalinity 

80 

mg/l 

H8221 

Sulfate 

51 

mg/l 

H8051 

Sulfide(S) 

0.1 

mg/l 

H8131 

Temperature 

21.00 

Deg  C 

FTEMP 

pH 

5.90 

pH  units 

FPH 

Specific  Conductance 

325.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.15 

mg/l 

FDO 

Redox  Potential 

-299.00 

pE  units 

FREDOX 

MOC-IO 

17-Jan-95  Temperature 

20.30 

Deg  C 

FTEMP 

pH 

5.83 

pH  units 

FPH 

Specific  Conductance 

295.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.09 

mg/l 

FDO 

Redox  Potential 

-248.00 

pE  units 

FREDOX 

MOC-11 

17-Jan-95 

Ferrous  Iron 

2.9 

mg/l 

H8146 

Total  Iron 

2.44 

mg/l 

Carbon  Dioxide 

284 

mg/l 

H8223 

Alkalinity 

79 

mg/l 

H8221 

Sulfate 

16.7 

mg/l 

H8051 

Sulfide(S) 

0.1 

mg/l 

H8131 
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TABLE  B.ll 

FIELD  GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 
JANUARY  AND  AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Method 

Temperature 

20.40 

Deg  C 

FTEMP 

pH 

5.80 

pH  units 

FPH 

Specific  Conductance 

295.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.10 

mg/1 

FDO 

Redox  Potential 

-253.00 

pE  units 

FREDOX 

MOV-01-03 

17-Jan-95 

Ferrous  Iron 

6.8 

mg/1 

H8146 

Total  Iron 

5.33 

mg/1 

Carbon  Dioxide 

340 

mg/1 

H8223 

Alkalinity 

116 

mg/1 

H8221 

Sulfate 

1.87 

mg/1 

H8051 

Sulfide(S) 

10 

mg/l 

H8131 

Temperature 

15.50 

Deg  C 

FTEMP 

pH 

6.10 

pH  units 

FPH 

Specific  Conductance 

310.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.08 

mg/l 

FDO 

Redox  Potential 

-253.00 

pE  units 

FREDOX 

MW-01 

13-Jan-95 

Ferrous  Iron 

3.1 

mg/l 

H8146 

Total  Iron 

2.71 

mg/l 

Carbon  Dioxide 

284 

mg/l 

H8223 

Alkalinity 

42 

mg/l 

H8221 

Sulfate 

26.9 

mg/l 

H8051 

Sulfide(S) 

0.1 

mg/l 

H8131 

Temperature 

21.50 

Deg  C 

FTEMP 

pH 

5.63 

pH  units 

FPH 

Specific  Conductance 

254.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.34 

mg/l 

FDO 

Redox  Potential 

-180.00 

pE  units 

FREDOX 

MW-02 

13-Jan-95 

Ferrous  Iron 

5.6 

mg/l 

H8146 

Total  Iron 

5.04 

mg/l 

Carbon  Dioxide 

340 

mg/l 

H8223 

Alkalinity 

159 

mg/l 

H8221 

Sulfate 

31 

mg/l 

H8051 

Sulfide(S) 

0.1 

mg/l 

H8131 

Temperature 

22.10 

Deg  C 

FTEMP 

PH 

6.09 

pH  units 

FPH 

Specific  Conductance 

488.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.15 

mg/l 

FDO 

Redox  Potential 

-207.00 

pE  units 

FREDOX 

MW-03 

14- Jan-95 

Ferrous  Iron 

1.5 

mg/l 

H8146 
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TABLE  B.ll 

FIELD  GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 
JANUARY  AND  AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Method 

Total  Iron 

1.41 

mg/l 

Carbon  Dioxide 

204 

mg/1 

H8223 

Alkalinity 

80 

mg/l 

H8221 

Sulfate 

27.7 

mg/l 

H8051 

Sulfide(S) 

0.1 

mg/l 

H8131 

Temperature 

18.70 

Deg  C 

FTEMP 

pH 

5.82 

pH  units 

FPH 

Specific  Conductance 

241.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.22 

mg/l 

FDO 

Redox  Potential 

-163.00 

pE  units 

FREDOX 

MW-04 

14-Jan~95 

Ferrous  Iron 

2.9 

mg/l 

H8146 

Total  Iron 

2.48 

mg/l 

Carbon  Dioxide 

250 

mg/l 

H8223 

Alkalinity 

127 

mg/l 

H8221 

Sulfate 

60.3 

mg/l 

H8051 

Sulflde(S) 

0.1 

mg/l 

H8131 

Temperature 

20.20 

Deg  C 

FTEMP 

pH 

6.10 

pH  units 

FPH 

Specific  Conductance 

433.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.07 

mg/l 

FDO 

Redox  Potential 

-183.00 

pE  units 

FREDOX 

MW-05 

13-Jan~95 

Ferrous  Iron 

4.5 

mg/l 

H8146 

Total  Iron 

4.31 

mg/l 

Carbon  Dioxide 

280 

mg/l 

H8223 

Alkalinity 

143 

mg/l 

H8221 

Sulfate 

10.7 

mg/l 

H8051 

Sulfide(S) 

0.1 

mg/l 

H  8 1 3 1 

Temperature 

18.60 

Deg  C 

FTEMP 

pH 

6.11 

pH  units 

FPH 

Specific  Conductance 

363.00 

mmhos/cm 

FCOND 

Dissolved  Oxygen 

0.09 

mg/l 

FDO 

Redox  Potential 

-160.00 

pE  units 

FREDOX 

MW-111 

13-Jan-95 

Ferrous  Iron 

2.3 

mg/l 

H8146 

Total  Iron 

2.3 

mg/l 

Carbon  Dioxide 

320 

mg/l 

H8223 

Alkalinity 

15 

mg/l 

H8221 

Sulfate 

44.7 

mg/l 

H8051 

Sulfide(S) 

0.5 

mg/l 

H8131 

Temperature 

19.60 

Deg  C 

FTEMP 

pH 

5.28 

pH  units 

FPH 
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TABLE  B.ll 

FIELD  GROUNDWATER  DATA  FOR  GEOCHEMICAL  INDICATORS 
JANUARY  AND  AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 


MW-112 


MW-113 


Sample 

Date _ Analyte  _ Result  Units _ Method 

Specific  Conductance 
Dissolved  Oxygen 
Redox  Potential 


14-Jan-95  Ferrous  Iron 
Total  Iron 
Carbon  Dioxide 
Alkalinity 
Sulfate 
Sulfide(S) 
Temperature 
pH 

Specific  Conductance 
Dissolved  Oxygen 
Redox  Potential 

13-Jan-95  Ferrous  Iron 
Total  Iron 
Carbon  Dioxide 
Alkalinity 
Sulfate 
Sulfide(S) 
Temperature 
PH 

Specific  Conductance 
Dissolved  Oxygen 
Redox  Potential 


224.00 

mmhos/cm 

FCOND 

0.11 

mg/1 

FDO 

-184.00 

pE  units 

FREDOX 

6.8 

mg/1 

H8146 

5.79 

mg/1 

340 

mg/1 

H8223 

70 

mg/1 

H8221 

10.2 

mg/1 

H8051 

5 

mg/1 

H8131 

18.40 

Deg  C 

FTEMP 

5.44 

pH  units 

FPH 

198.00 

mmhos/cm 

FCOND 

0.01 

mg/1 

FDO 

-237.00 

pE  units 

FREDOX 

7.3 

mg/1 

H8146 

7.33 

mg/1 

280 

mg/1 

H8223 

70 

mg/1 

H8221 

20.4 

mg/1 

H8051 

5 

mg/1 

H8131 

18.20 

Deg  C 

FTEMP 

5.81 

pH  units 

FPH 

404.00 

mmhos/cm 

FCOND 

0.14 

mg/1 

FDO 

-223.00 

pE  units 

FREDOX 
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TABLE  B.12 

GROUNDWATER  DATA  FOR  METALS 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MW-113 

1/95 

Na-l 

29.4 

mg/L 

ICAP 

MW-113 

1/95 

K 

1.4 

U 

mg/L 

ICAP 

MW-113 

1/95 

Ca 

25.3 

mg/L 

ICAP 

MW-113 

1/95 

Mg 

8.57 

mg/L 

ICAP 

MW-113 

1/95 

Fe 

7.33 

mg/L 

ICAP 

MW-113 

1/95 

Mn 

0.0146 

mg/L 

ICAP 

MW-113 

1/95 

Co 

0.0065 

U 

mg/L 

ICAP 

MW-113 

1/95 

Mo 

0.0060 

U 

mg/L 

ICAP 

MW-113 

1/95 

A1 

0.013 

mg/L 

ICAP 

MW-113 

1/95 

As 

0.031 

U 

mg/L 

ICAP 

MW-113 

1/95 

Se 

0.032 

U 

mg/L 

ICAP 

MW-113 

1/95 

Cd 

0.0021 

U 

mg/L 

ICAP 

MW-113 

1/95 

Be 

0.0007 

U 

mg/L 

ICAP 

MW-113 

1/95 

Cu 

0.049 

U 

mg/L 

ICAP 

MW-113 

1/95 

Cr 

0.0018 

U 

mg/L 

ICAP 

MW-113 

1/95 

Ni 

0.0071 

U 

mg/L 

ICAP 

MW-113 

1/95 

Zn 

0.0060 

U 

mg/L 

ICAP 

MW-113 

1/95 

Ag 

0.015 

U 

mg/L 

ICAP 

MW-113 

1/95 

T1 

0.0093 

U 

mg/L 

ICAP 

MW-113 

1/95 

Pb 

0.033 

u 

mg/L 

ICAP 

MW-113 

1/95 

Li 

0.24 

u 

mg/L 

ICAP 

MW-113 

1/95 

Sr 

0.171 

mg/L 

ICAP 

MW-113 

1/95 

V 

0.033 

u 

mg/L 

ICAP 

MW-113 

1/95 

Ba 

0.0784 

mg/L 

ICAP 

MW-113 

1/95 

B 

0.057 

mg/L 

ICAP 

MW-113 

1/95 

Ti 

0.042 

u 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

Na-l 

16.0 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

K 

1.4 

u 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

Ca 

35.5 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

Mg 

5.10 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

Fe 

5.33 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

Mn 

0.0604 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

Co 

0.0065 

u 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

Mo 

0.0060 

u 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

A1 

0.11 

u 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

As 

0.031 

u 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

Se 

0.032 

u 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

Cd 

0.0021 

u 

mg/L 

ICAP 
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TABLE  B.12 

GROUNDWATER  DATA  FOR  METALS 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MOV-Ol-3 

1/95 

Be 

0.0007 

U 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

Cu 

0.127 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

Cr 

0.0018 

U 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

Ni 

0.0071 

U 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

Zn 

0.134 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

Ag 

0.015 

U 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

T1 

0.0098 

U 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

Pb 

0.033 

U 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

Li 

0.24 

u 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

Sr 

0.169 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

V 

0.033 

u 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

Ba 

0.0564 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

B 

0.083 

mg/L 

ICAP 

MOV-Ol-3 

1/95 

Ti 

0.042 

u 

mg/L 

ICAP 

MW-05 

1/95 

Na-1 

32.3 

mg/L 

ICAP 

MW-05 

1/95 

K 

1.5 

mg/L 

ICAP 

MW-05 

1/95 

Ca 

38.3 

mg/L 

ICAP 

MW-05 

1/95 

Mg 

2.75 

mg/L 

ICAP 

MW-05 

1/95 

Fe 

4.31 

mg/L 

ICAP 

MW-05 

1/95 

Mn 

0.0277 

mg/L 

ICAP 

MW-05 

1/95 

Co 

0.0065 

u 

mg/L 

ICAP 

MW-05 

1/95 

Mo 

0.0060 

u 

mg/L 

ICAP 

MW-05 

1/95 

A1 

0.12 

mg/L 

ICAP 

MW-05 

1/95 

As 

0.031 

u 

mg/L 

ICAP 

MW-05 

1/95 

Se 

0.032 

u 

mg/L 

ICAP 

MW-05 

1/95 

Cd 

0.0025 

mg/L 

ICAP 

MW-05 

1/95 

Be 

0.0007 

u 

mg/L 

ICAP 

MW-05 

1/95 

Cu 

0.049 

u 

mg/L 

ICAP 

MW-05 

1/95 

Cr 

0.0018 

mg/L 

ICAP 

MW-05 

1/95 

Ni 

0.0075 

mg/L 

ICAP 

MW-05 

1/95 

Zn 

0.0203 

mg/L 

ICAP 

MW-05 

1/95 

Ag 

0.019 

mg/L 

ICAP 

MW-05 

1/95 

Tl 

0.0092 

u 

mg/L 

ICAP 

MW-05 

1/95 

Pb 

0.033 

u 

mg/L 

ICAP 

MW-05 

1/95 

Li 

0.24 

u 

mg/L 

ICAP 

MW-05 

1/95 

Sr 

0.198 

mg/L 

ICAP 

MW-05 

1/95 

V 

0.033 

u 

mg/L 

ICAP 

MW-05 

1/95 

Ba 

0.0385 

mg/L 

ICAP 

K:\MYRTLE\DATABASE\BI2.XLS 


TABLE  B.12 

GROUNDWATER  DATA  FOR  METALS 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MW-05 

1/95 

B 

0.350 

mg/L 

ICAP 

MW-05 

1/95 

Ti 

0.042 

u 

mg/L 

ICAP 

MW-111 

1/95 

Na-1 

16.4 

mg/L 

ICAP 

MW-111 

1/95 

K 

19.0 

mg/L 

ICAP 

MW-111 

1/95 

Ca 

18.8 

mg/L 

ICAP 

MW-111 

1/95 

Mg 

1.90 

mg/L 

ICAP 

MW-111 

1/95 

Fe 

2.30 

mg/L 

ICAP 

MW-111 

1/95 

Mn 

0.0287 

mg/L 

ICAP 

MW-111 

1/95 

Co 

0.0065 

u 

mg/L 

ICAP 

MW-111 

1/95 

Mo 

0.0060 

u 

mg/L 

ICAP 

MW-111 

1/95 

A1 

0.11 

u 

mg/L 

ICAP 

MW-111 

1/95 

As 

0.031 

u 

mg/L 

ICAP 

MW-111 

1/95 

Se 

0.032 

u 

mg/L 

ICAP 

MW-111 

1/95 

Cd 

0.0021 

u 

mg/L 

ICAP 

MW-111 

1/95 

Be 

0.0007 

u 

mg/L 

ICAP 

MW-111 

1/95 

Cu 

0.049 

u 

mg/L 

ICAP 

MW-111 

1/95 

Cr 

0.0018 

u 

mg/L 

ICAP 

MW-111 

1/95 

Ni 

0.0071 

u 

mg/L 

ICAP 

MW-111 

1/95 

Zn 

0.0215 

mg/L 

ICAP 

MW-111 

1/95 

Ag 

0.015 

u 

mg/L 

ICAP 

MW-111 

1/95 

Tl 

0.0097 

u 

mg/L 

ICAP 

MW-111 

1/95 

Pb 

0.033 

u 

mg/L 

ICAP 

MW-111 

1/95 

Li 

0.24 

u 

mg/L 

ICAP 

MW-111 

1/95 

Sr 

0.131 

mg/L 

ICAP 

MW-111 

1/95 

V 

0.033 

u 

mg/L 

ICAP 

MW-111 

1/95 

Ba 

0.0961 

mg/L 

ICAP 

MW-111 

1/95 

B 

0.067 

mg/L 

ICAP 

MW-111 

1/95 

Ti 

0.042 

u 

mg/L 

ICAP 

MW-04 

1/95 

Na-1 

15.4 

mg/L 

ICAP 

MW-04 

1/95 

K 

1.4 

u 

mg/L 

ICAP 

MW-04 

1/95 

Ca 

64.5 

mg/L 

ICAP 

MW-04 

1/95 

Mg 

5.08 

mg/L 

ICAP 

MW-04 

1/95 

Fe 

2.48 

mg/L 

ICAP 

MW-04 

1/95 

Mn 

0.133 

mg/L 

ICAP 

MW-04 

1/95 

Co 

0.0065 

u 

mg/L 

ICAP 

MW-04 

1/95 

Mo 

0.0060 

u 

mg/L 

ICAP 

MW-04 

1/95 

A1 

0.14 

mg/L 

ICAP 

K:\MYRTLE\DATABASE\B12.XLS 


TABLE  B.12 

GROUNDWATER  DATA  FOR  METALS 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MW-04 

1/95 

As 

0.031 

U 

mg/L 

ICAP 

MW-04 

1/95 

Se 

0.032 

U 

mg/L 

ICAP 

MW-04 

1/95 

Cd 

0.0038 

mg/L 

ICAP 

MW-04 

1/95 

Be 

0.0008 

u 

mg/L 

ICAP 

MW-04 

1/95 

Cu 

0.049 

u 

mg/L 

ICAP 

MW-04 

1/95 

Cr 

0.0018 

u 

mg/L 

ICAP 

MW-04 

1/95 

Ni 

0.0117 

mg/L 

ICAP 

MW-04 

1/95 

Zn 

0.0184 

mg/L 

ICAP 

MW-04 

1/95 

Ag 

0.015 

u 

mg/L 

ICAP 

MW-04 

1/95 

T1 

0.0094 

u 

mg/L 

ICAP 

MW-04 

1/95 

Pb 

0.033 

u 

mg/L 

ICAP 

MW-04 

1/95 

Li 

0.24 

u 

mg/L 

ICAP 

MW-04 

1/95 

Sr 

0.341 

mg/L 

ICAP 

MW-04 

1/95 

V 

0.033 

u 

mg/L 

ICAP 

MW-04 

1/95 

Ba 

0.0589 

mg/L 

ICAP 

MW-04 

1/95 

B 

0.046 

u 

mg/L 

ICAP 

MW-04 

1/95 

Ti 

0.042 

u 

mg/L 

ICAP 

MOC-08 

1/95 

Na-1 

17.5 

mg/L 

ICAP 

MOC-08 

1/95 

K 

1.4 

u 

mg/L 

ICAP 

MOC-08 

1/95 

Ca 

27.9 

mg/L 

ICAP 

MOC-08 

1/95 

Mg 

6.75 

mg/L 

ICAP 

MOC-08 

1/95 

Fe 

11.1 

mg/L 

ICAP 

MOC-08 

1/95 

Mn 

0.0639 

mg/L 

ICAP 

MOC-08 

1/95 

Co 

0.0065 

u 

mg/L 

ICAP 

MOC-08 

1/95 

Mo 

0.0060 

u 

mg/L 

ICAP 

MOC-08 

1/95 

AI 

0.12 

mg/L 

ICAP 

MOC-08 

1/95 

As 

0.031 

u 

mg/L 

ICAP 

MOC-08 

1/95 

Se 

0.032 

u 

mg/L 

ICAP 

MOC-08 

1/95 

Cd 

0.0021 

u 

mg/L 

ICAP 

MOC-08 

1/95 

Be 

0.0007 

u 

mg/L 

ICAP 

MOC-08 

1/95 

Cu 

0.049 

u 

mg/L 

ICAP 

MOC-08 

1/95 

Cr 

0.0018 

u 

mg/L 

ICAP 

MOC-08 

1/95 

Ni 

0.0071 

u 

mg/L 

ICAP 

MOC-08 

1/95 

Zn 

0.0169 

mg/L 

ICAP 

MOC-08 

1/95 

Ag 

0.015 

u 

mg/L 

ICAP 

MOC-08 

1/95 

Tl 

0.0094 

u 

mg/L 

ICAP 

MOC-08 

1/95 

Pb 

0.033 

u 

mg/L 

ICAP 

MOC-08 

1/95 

Li 

0.24 

u 

mg/L 

ICAP 

K.:\MYRTLE\DATABASBB12.XLS 


TABLE  B.12 

GROUNDWATER  DATA  FOR  METALS 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MOC-08 

1/95 

Sr 

0.191 

mg/L 

ICAP 

MOC-08 

1/95 

V 

0.033 

U 

mg/L 

ICAP 

MOC-08 

1/95 

Ba 

0.109 

mg/L 

ICAP 

MOC-08 

1/95 

B 

0.094 

mg/L 

ICAP 

MOC-08 

1/95 

Ti 

0.042 

U 

mg/L 

ICAP 

MW-02 

1/95 

Na-1 

20.3 

mg/L 

ICAP 

MW-02 

1/95 

K 

1.4 

U 

mg/L 

ICAP 

MW-02 

1/95 

Ca 

66.9 

mg/L 

ICAP 

MW-02 

1/95 

Mg 

4.26 

mg/L 

ICAP 

MW-02 

1/95 

Fe 

5.04 

mg/L 

ICAP 

MW-02 

1/95 

Mn 

0.0995 

mg/L 

ICAP 

MW-02 

1/95 

Co 

0.0065 

U 

mg/L 

ICAP 

MW-02 

1/95 

Mo 

0.0060 

U 

mg/L 

ICAP 

MW-02 

1/95 

A1 

0.11 

U 

mg/L 

ICAP 

MW-02 

1/95 

As 

0.031 

U 

mg/L 

ICAP 

MW-02 

1/95 

Se 

0.032 

U 

mg/L 

ICAP 

MW-02 

1/95 

Cd 

0.0021 

U 

mg/L 

ICAP 

MW-02 

1/95 

Be 

0.0009 

U 

mg/L 

ICAP 

MW-02 

1/95 

Cu 

0.049 

u 

mg/L 

ICAP 

MW-02 

1/95 

Cr 

0.0022 

mg/L 

ICAP 

MW-02 

1/95 

Ni 

0.0078 

mg/L 

ICAP 

MW-02 

1/95 

Zn 

0.0063 

mg/L 

ICAP 

MW-02 

1/95 

Ag 

0.017 

mg/L 

ICAP 

MW-02 

1/95 

Tl 

0.0099 

u 

mg/L 

ICAP 

MW-02 

1/95 

Pb 

0.033 

u 

mg/L 

ICAP 

MW-02 

1/95 

Li 

0.24 

u 

mg/L 

ICAP 

MW-02 

1/95 

Sr 

0.369 

mg/L 

ICAP 

MW-02 

1/95 

V 

0.033 

u 

mg/L 

ICAP 

MW-02 

1/95 

Ba 

0.0844 

mg/L 

ICAP 

MW-02 

1/95 

B 

0.046 

u 

mg/L 

ICAP 

MW-02 

1/95 

Ti 

0.042 

u 

mg/L 

ICAP 

MOC-07 

1/95 

Na-1 

19.7 

mg/L 

ICAP 

MOC-07 

1/95 

K 

1.4 

u 

mg/L 

ICAP 

MOC-07 

1/95 

Ca 

21.0 

mg/L 

ICAP 

MOC-07 

1/95 

Mg 

4.37 

mg/L 

ICAP 

MOC-07 

1/95 

Fe 

4.24 

mg/L 

ICAP 

MOC-07 

1/95 

Mn 

0.0531 

mg/L 

ICAP 

k:\MYRTLE\DATABASE\B12.XLS 


TABLE  B.12 

GROUNDWATER  DATA  FOR  METALS 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MOC-07 

1/95 

Co 

0.0065 

U 

mg/L 

ICAP 

MOC-07 

1/95 

Mo 

0.0060 

U 

mg/L 

ICAP 

MOC-07 

1/95 

A1 

0.11 

U 

mg/L 

ICAP 

MOC-07 

1/95 

As 

0.031 

U 

mg/L 

ICAP 

MOC-07 

1/95 

Se 

0.032 

U 

mg/L 

ICAP 

MOC-07 

1/95 

Cd 

0.0021 

U 

mg/L 

ICAP 

MOC-07 

1/95 

Be 

0.0007 

U 

mg/L 

ICAP 

MOC-07 

1/95 

Cu 

0.049 

U 

mg/L 

ICAP 

MOC-07 

1/95 

Cr 

0.0018 

U 

mg/L 

ICAP 

MOC-07 

1/95 

Ni 

0.0071 

U 

mg/L 

ICAP 

MOC-07 

1/95 

Zn 

0.0494 

mg/L 

ICAP 

MOC-07 

1/95 

Ag 

0.015 

u 

mg/L 

ICAP 

MOC-07 

1/95 

T1 

0.0099 

u 

mg/L 

ICAP 

MOC-07 

1/95 

Pb 

0.033 

u 

mg/L 

ICAP 

MOC-07 

1/95 

Li 

0.24 

u 

mg/L 

ICAP 

MOC-07 

1/95 

Sr 

0.153 

mg/L 

ICAP 

MOC-07 

1/95 

V 

0.033 

u 

mg/L 

ICAP 

MOC-07 

1/95 

Ba 

0.0846 

mg/L 

ICAP 

MOC-07 

1/95 

B 

0.046 

u 

mg/L 

ICAP 

MOC-07 

1/95 

Ti 

0.42 

u 

mg/L 

ICAP 

MOC-03 

1/95 

Na-1 

18.8 

mg/L 

ICAP 

MOC-03 

1/95 

K 

1.4 

u 

mg/L 

ICAP 

MOC-03 

1/95 

Ca 

31.8 

mg/L 

ICAP 

MOC-03 

1/95 

Mg 

2.52 

mg/L 

ICAP 

MOC-03 

1/95 

Fe 

2.11 

mg/L 

ICAP 

MOC-03 

1/95 

Mn 

0.0565 

mg/L 

ICAP 

MOC-03 

1/95 

Co 

0.0065 

u 

mg/L 

ICAP 

MOC-03 

1/95 

Mo 

0.0060 

u 

mg/L 

ICAP 

MOC-03 

1/95 

A1 

0.11 

u 

mg/L 

ICAP 

MOC-03 

1/95 

As 

0.031 

u 

mg/L 

ICAP 

MOC-03 

1/95 

Se 

0.032 

u 

mg/L 

ICAP 

MOC-03 

1/95 

Cd 

0.0021 

u 

mg/L 

ICAP 

MOC-03 

1/95 

Be 

0.0007 

u 

mg/L 

ICAP 

MOC-03 

1/95 

Cu 

0.049 

u 

mg/L 

ICAP 

MOC-03 

1/95 

Cr 

0.0018 

u 

mg/L 

ICAP 

MOC-03 

1/95 

Ni 

0.0071 

u 

mg/L 

ICAP 

MOC-03 

1/95 

Zn 

0.0601 

mg/L 

ICAP 

MOC-03 

1/95 

Ag 

0.015 

u 

mg/L 

ICAP 
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TABLE  B.12 

GROUNDWATER  DATA  FOR  METALS 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MOC-03 

1/95 

T1 

0.0099  U 

mg/L 

ICAP 

MOC-03 

1/95 

Pb 

0.033  U 

mg/L 

ICAP 

MOC-03 

1/95 

Li 

0.24  U 

mg/L 

ICAP 

MOC-03 

1/95 

Sr 

0.191 

mg/L 

ICAP 

MOC-03 

1/95 

V 

0.033  U 

mg/L 

ICAP 

MOC-03 

1/95 

Ba 

0.0534 

mg/L 

ICAP 

MOC-03 

1/95 

B 

0.046  U 

mg/L 

ICAP 

MOC-03 

1/95 

Ti 

0.042  U 

mg/L 

ICAP 

MOC-11 

1/95 

Na-1 

19.1 

mg/L 

ICAP 

MOC-11 

1/95 

K 

1.4  U 

mg/L 

ICAP 

MOC-1 1 

1/95 

Ca 

30.3 

mg/L 

ICAP 

MOC-11 

1/95 

Mg 

3.05 

mg/L 

ICAP 

MOC-11 

1/95 

Fe 

2.44 

mg/L 

ICAP 

MOC-11 

1/95 

Mn 

0.0512 

mg/L 

ICAP 

MOC-11 

1/95 

Co 

0.0026 

mg/L 

ICAP 

MOC-11 

1/95 

Mo 

0.0035 

mg/L 

ICAP 

MOC-11 

1/95 

A1 

0.12  U 

mg/L 

ICAP 

MOC-11 

1/95 

As 

0.030  U 

mg/L 

ICAP 

MOC-11 

1/95 

Se 

0.022  U 

mg/L 

ICAP 

MOC-1 1 

1/95 

Cd 

0.0020  U 

mg/L 

ICAP 

MOC-11 

1/95 

Be 

0.0004  U 

mg/L 

ICAP 

MOC-11 

1/95 

Cu 

0.016  U 

mg/L 

ICAP 

MOC-11 

1/95 

Cr 

0.0027  U 

mg/L 

ICAP 

MOC-11 

1/95 

Ni 

0.0030 

mg/L 

ICAP 

MOC-11 

1/95 

Zn 

0.0026  U 

mg/L 

ICAP 

MOC-1 1 

1/95 

Ag 

0.018  U 

mg/L 

ICAP 

MOC-11 

1/95 

Tl 

0.012  U 

mg/L 

ICAP 

MOC-11 

1/95 

Pb 

0.024  U 

mg/L 

ICAP 

MOC-11 

1/95 

Li 

0.27  U 

mg/L 

ICAP 

MOC-11 

1/95 

Sr 

0.205 

mg/L 

ICAP 

MOC-1 1 

1/95 

V 

0.033  U 

mg/L 

ICAP 

MOC-11 

1/95 

Ba 

0.0788 

mg/L 

ICAP 

MOC-11 

1/95 

B 

0.083 

mg/L 

ICAP 

MOC-11 

1/95 

Ti 

0.0084  U 

mg/L 

ICAP 

MOC-04 

1/95 

Na-1 

20.6 

mg/L 

ICAP 

MOC-04 

1/95 

K 

1.9 

mg/L 

ICAP 

MOC-04 

1/95 

Ca 

29.2 

mg/L 

ICAP 

K:\MYRTLE\DATABASE\B  12.XLS 


TABLE  B.12 

GROUNDWATER  DATA  FOR  METALS 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MOC-04 

1/95 

Mg 

2.39 

mg/L 

ICAP 

MOC-04 

1/95 

Fe 

3.29 

mg/L 

ICAP 

MOC-04 

1/95 

Mn 

0.0591 

mg/L 

ICAP 

MOC-04 

1/95 

Co 

0.0033 

mg/L 

ICAP 

MOC-04 

1/95 

Mo 

0.0027 

U 

mg/L 

ICAP 

MOC-04 

1/95 

A1 

0.12 

U 

mg/L 

ICAP 

MOC-04 

1/95 

As 

0.030 

U 

mg/L 

ICAP 

MOC-04 

1/95 

Se 

0.022 

U 

mg/L 

ICAP 

MOC-04 

1/95 

Cd 

0.0020 

U 

mg/L 

ICAP 

MOC-04 

1/95 

Be 

0.0004 

U 

mg/L 

ICAP 

MOC-04 

1/95 

Cu 

0.060 

mg/L 

ICAP 

MOC-04 

1/95 

Cr 

0.0027 

U 

mg/L 

ICAP 

MOC-04 

1/95 

Ni 

0.0019 

U 

mg/L 

ICAP 

MOC-04 

1/95 

Zn 

0.0427 

mg/L 

ICAP 

MOC-04 

1/95 

Ag 

0.018 

U 

mg/L 

ICAP 

MOC-04 

1/95 

T1 

0.016 

mg/L 

ICAP 

MOC-04 

1/95 

Pb 

0.024 

U 

mg/L 

ICAP 

MOC-04 

1/95 

Li 

0.31 

mg/L 

ICAP 

MOC-04 

1/95 

Sr 

0.185 

mg/L 

ICAP 

MOC-04 

1/95 

V 

0.033 

mg/L 

ICAP 

MOC-04 

1/95 

Ba 

0.068 

mg/L 

ICAP 

MOC-04 

1/95 

B 

0.071 

U 

mg/L 

ICAP 

MOC-04 

1/95 

Ti 

0.0084 

U 

mg/L 

ICAP 

MW-01 

1/95 

Na-1 

18.0 

mg/L 

ICAP 

MW-01 

1/95 

K 

1.7 

mg/L 

ICAP 

MW-01 

1/95 

Ca 

22.4 

mg/L 

ICAP 

MW-01 

1/95 

Mg 

2.75 

mg/L 

ICAP 

MW-01 

1/95 

Fe 

2.71 

mg/L 

ICAP 

MW-01 

1/95 

Mn 

0.0521 

mg/L 

ICAP 

MW-01 

1/95 

Co 

0.0032 

mg/L 

ICAP 

MW-01 

1/95 

Mo 

0.0027 

u 

mg/L 

ICAP 

MW-01 

1/95 

A1 

0.12 

u 

mg/L 

ICAP 

MW-01 

1/95 

As 

0.030 

u 

mg/L 

ICAP 

MW-01 

1/95 

Se 

0.022 

u 

mg/L 

ICAP 

MW-01 

1/95 

Cd 

0.0020 

u 

mg/L 

ICAP 

MW-01 

1/95 

Be 

0.0004 

u 

mg/L 

ICAP 

MW-01 

1/95 

Cu 

0.016 

u 

mg/L 

ICAP 

MW-01 

1/95 

Cr 

0.0027 

u 

mg/L 

ICAP 

K:\MYRTLE\DATABASE\BI2.XLS 


TABLE  B.12 

GROUNDWATER  DATA  FOR  METALS 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MW-01 

1/95 

Ni 

0.0019  U 

mg/L 

ICAP 

MW-01 

1/95 

Zn 

0.0152 

mg/L 

ICAP 

MW-01 

1/95 

Ag 

0.018  U 

mg/L 

ICAP 

MW-01 

1/95 

T1 

0.012  U 

mg/L 

ICAP 

MW-01 

1/95 

Pb 

0.024  U 

mg/L 

ICAP 

MW-01 

1/95 

Li 

0.27  U 

mg/L 

ICAP 

MW-01 

1/95 

Sr 

0.161 

mg/L 

ICAP 

MW-01 

1/95 

V 

0.033  U 

mg/L 

ICAP 

MW-01 

1/95 

Ba 

0.0508 

mg/L 

ICAP 

MW-01 

1/95 

B 

0.071  U 

mg/L 

ICAP 

MW-01 

1/95 

Ti 

0.0084  U 

mg/L 

ICAP 

MW-112 

1/95 

Na-1 

16.5 

mg/L 

ICAP 

MW-112 

1/95 

K 

1.4  U 

mg/L 

ICAP 

MW-112 

1/95 

Ca 

13.8 

mg/L 

ICAP 

MW-112 

1/95 

Mg 

4.97 

mg/L 

ICAP 

MW-112 

1/95 

Fe 

5.79 

mg/L 

ICAP 

MW-112 

1/95 

Mn 

0.0299 

mg/L 

ICAP 

MW-112 

1/95 

Co 

0.0054 

mg/L 

ICAP 

MW-112 

1/95 

Mo 

0.0027  U 

mg/L 

ICAP 

MW-112 

1/95 

A1 

0.12  U 

mg/L 

ICAP 

MW-112 

1/95 

As 

0.030  U 

mg/L 

ICAP 

MW-112 

1/95 

Se 

0.022  U 

mg/L 

ICAP 

MW-112 

1/95 

Cd 

0.0020  U 

mg/L 

ICAP 

MW-112 

1/95 

Be 

0.0004  U 

mg/L 

ICAP 

MW-112 

1/95 

Cu 

0.016  U 

mg/L 

ICAP 

MW-112 

1/95 

Cr 

0.0027  U 

mg/L 

ICAP 

MW-112 

1/95 

Ni 

0.0019  U 

mg/L 

ICAP 

MW-112 

1/95 

Zn 

0.0026  U 

mg/L 

ICAP 

MW-112 

1/95 

Ag 

0.018  U 

mg/L 

ICAP 

MW-112 

1/95 

Tl 

0.012  U 

mg/L 

ICAP 

MW-112 

1/95 

Pb 

0.024  U 

mg/L 

ICAP 

MW-112 

1/95 

Li 

0.27  U 

mg/L 

ICAP 

MW-112 

1/95 

Sr 

0.108 

mg/L 

ICAP 

MW-112 

1/95 

V 

0.033  U 

mg/L 

ICAP 

MW-112 

1/95 

Ba 

0.0560 

mg/L 

ICAP 

MW-112 

1/95 

B 

0.073 

mg/L 

ICAP 

MW-112 

1/95 

Ti 

0.0084  U 

mg/L 

ICAP 
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TABLE  B.12 

GROUNDWATER  DATA  FOR  METALS 

JANUARY  1995 

RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MOC-02 

1/95 

Na-l 

21.7 

mg/L 

ICAP 

MOC-02 

1/95 

K 

1.4 

U 

mg/L 

ICAP 

MOC-02 

1/95 

Ca 

39.1 

mg/L 

ICAP 

MOC-02 

1/95 

Mg 

3.71 

mg/L 

ICAP 

MOC-02 

1/95 

Fe 

3.46 

mg/L 

ICAP 

MOC-02 

1/95 

Mn 

0.0662 

mg/L 

ICAP 

MOC-02 

1/95 

Co 

0.0013 

U 

mg/L 

ICAP 

MOC-02 

1/95 

Mo 

0.0027 

U 

mg/L 

ICAP 

MOC-02 

1/95 

A! 

0.12 

U 

mg/L 

ICAP 

MOC-02 

1/95 

As 

0.030 

U 

mg/L 

ICAP 

MOC-02 

1/95 

Se 

0.022 

U 

mg/L 

ICAP 

MOC-02 

1/95 

Cd 

0.0020 

U 

mg/L 

ICAP 

MOC-02 

1/95 

Be 

0.0005 

U 

mg/L 

ICAP 

MOC-02 

1/95 

Cu 

0.016 

U 

mg/L 

ICAP 

MOC-02 

1/95 

Cr 

0.0027 

U 

mg/L 

ICAP 

MOC-02 

1/95 

Ni 

0.0019 

U 

mg/L 

ICAP 

MOC-02 

1/95 

Zn 

0.0074 

mg/L 

ICAP 

MOC-02 

1/95 

Ag 

0.018 

u 

mg/L 

ICAP 

MOC-02 

1/95 

T1 

0.012 

u 

mg/L 

ICAP 

MOC-02 

1/95 

Pb 

0.024 

u 

mg/L 

ICAP 

MOC-02 

1/95 

Li 

0.27 

u 

mg/L 

ICAP 

MOC-02 

1/95 

Sr 

0.253 

mg/L 

ICAP 

MOC-02 

1/95 

V 

0.033 

u 

mg/L 

ICAP 

MOC-02 

1/95 

Ba 

0.0745 

mg/L 

ICAP 

MOC-02 

1/95 

B 

0.071 

u 

mg/L 

ICAP 

MOC-02 

1/95 

Ti 

0.0084 

u 

mg/L 

ICAP 

K:\MYRTLn\DATABASE\B12.XLS 


TABLE  B.13 

GROUNDWATER  DATA  FOR  OTHER  ANALYSES 
AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

AS-01 

29-Aug-95 

Chloride 

24.3 

mg/l 

E300.0 

AS-02 

31-Aug-95 

Chloride 

33 

mg/1 

E300.0 

MOC-02 

28-Aug-95 

Alkalinity,  Total  (as  CaC03) 

80.2 

mg/l 

E310.1 

MOC-02 

28-Aug-95 

Chloride 

35 

mg/l 

E300.0 

MOC-03 

l-Sep-95 

Chloride 

25.3 

mg/l 

E300.0 

MOC-04 

1 -Sep-95 

Chloride 

25.4 

mg/l 

E300.0 

MOC-05 

29-Aug-95 

Chloride 

29.1 

mg/l 

E300.0 

MOC-07 

29-Aug-95 

Chloride 

28 

mg/l 

E300.0 

MOC-08 

28-Aug-95 

Alkalinity,  Total  (as  CaC03) 

57.6 

mg/l 

E310.1 

MOC-08 

28-Aug-95 

Chloride 

16.5 

mg/l 

E300.0 

MOC-IO 

29-Aug-95 

Alkalinity,  Total  (as  CaC03) 

74.6 

mg/l 

E310.1 

MOC-IO 

29-Aug-95 

Chloride 

21.2 

mg/l 

E300.0 

MOC-11 

31 -Aug-95 

Chloride 

27.7 

mg/l 

E300.0 

MOC-12 

29-Aug-95 

Chloride 

64.8 

mg/l 

E300.0 

MOC-13 

30-Aug-95 

Chloride 

25.3 

mg/l 

E300.0 

MOC-19 

30- Aug-95 

Alkalinity,  Total  (as  CaC03) 

52.9 

mg/l 

E310.1 

MOC-19 

30-Aug-95 

Chloride 

21.6 

mg/l 

E300.0 

MOC-20 

30- Aug-9  5 

Chloride 

34.1 

mg/l 

E300.0 

MOC-21 

29-Aug-95 

Alkalinity,  Total  (as  CaC03) 

92.9 

mg/l 

E310.1 

MOC-21 

29-Aug-95 

Chloride 

25.9 

mg/l 

E300.0 

MW-01 

1 -Sep-95 

Chloride 

21.5 

mg/l 

E300.0 

MW-02 

28-Aug-95 

Alkalinity,  Total  (as  CaC03) 

84.8 

mg/l 

E310.1 

MW-02 

28-Aug-95 

Chloride 

29.1 

mg/l 

E300.0 

MW-03 

30- Aug-9  5 

Chloride 

12.5 

mg/l 

E300.0 

MW-04 

30-Aug-95 

Chloride 

20.6 

mg/l 

E300.0 

MW-05 

31 -Aug-95 

Chloride 

24.7 

mg/l 

E300.0 

MW-06 

29-Aug-95 

Chloride 

17.8 

mg/l 

E300.0 

MW-07 

28-Aug-95 

Alkalinity,  Total  (as  CaC03) 

49.3 

mg/l 

E310.1 

MW-07 

28-Aug-95 

Chloride 

40 

mg/l 

E300.0 

MW-08 

1 -Sep-95 

Chloride 

33.8 

mg/l 

E300.0 

MW-09 

28-Aug-95 

Chloride 

49.1 

mg/l 

E300.0 

MW- 10 

28-Aug-95 

Chloride 

31.7 

mg/l 

E300.0 

MW- 11 

30-Aug-95 

Chloride 

17.7 

mg/l 

E300.0 

MW-111 

1 -Sep-95 

Alkalinity,  Total  (as  CaC03) 

17.5 

mg/l 

E310.1 

MW-111 

1 -Sep-95 

Chloride 

21.4 

mg/l 

E300.0 

MW-112 

29-Aug-95 

Alkalinity,  Total  (as  CaC03) 

79.5 

mg/l 

E310.1 

MW-112 

29-Aug-95 

Chloride 

15.1 

mg/l 

E300.0 

MW-113 

31 -Aug-95 

Chloride 

36.6 

mg/l 

E300.0 

MW- 12 

31 -Aug-95 

Chloride 

32.5 

mg/l 

E300.0 

MW- 13 

31 -Aug-95 

Chloride 

6.8 

mg/l 

E300.0 

MW- 14 

30-Aug-95 

Alkalinity,  Total  (as  CaC03) 

102 

mg/l 

E310.1 
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TABLE  B.13 

GROUNDWATER  DATA  FOR  OTHER  ANALYSES 
AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

MW-14 

30-Aug-95 

Chloride 

21.8 

mg/l 

E300.0 

MW- 15 

31 -Aug-95 

Alkalinity,  Total  (as  CaC03) 

132 

mg/1 

E310.1 

MW- 15 

31 -Aug-95 

Chloride 

18.1 

mg/l 

E300.0 

MW- 16 

31 -Aug-95 

Alkalinity,  Total  (as  CaC03) 

173 

mg/l 

E310.1 

MW- 16 

31 -Aug-95 

Chloride 

41 

mg/l 

E300.0 

MW- 17 

30-Aug-95 

Chloride 

17.9 

mg/l 

E300.0 

MW- 18 

31 -Aug-95 

Alkalinity,  Total  (as  CaC03) 

194 

mg/l 

E310.1 

MW- 18 

31 -Aug-95 

Chloride 

34.9 

mg/l 

E300.0 

MW- 19 

30-Aug-95 

Chloride 

22.6 

mg/I 

E300.0 
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TABLE  B.14 

SURFACE  WATER  DATA 
AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

SW-01 

1 -Sep-95 

1,2,3,4-TetramethyIbenzene 

1  U 

ug/l 

E602 

SW-01 

1 -Sep-95 

1 ,2,3-Trimethylbenzene 

0.4  U 

ug/1 

E602 

SW-01 

1 -Sep-95 

1 ,2,4-Trimethy  lbenzene 

0.4  U 

ug/l 

E602 

SW-01 

1 -Sep-95 

1 ,3,5-Trimethylbenzene 

0.4  U 

ug/1 

E602 

SW-01 

1 -Sep-95 

Benzene 

0.4  U 

ug/l 

E602 

SW-01 

1 -Sep-95 

Chlorobenzene 

0.4  U 

Ug/1 

E602 

SW-01 

1 -Sep-95 

Ethylbenzene 

0.4  U 

ug/1 

E602 

SW-01 

1 -Sep-95 

Toluene 

0.4  U 

ug/1 

E602 

SW-01 

1 -Sep-95 

Xylene  (total) 

0.4  U 

Ug/1 

E602 

SW-01 

1 -Sep-95 

Total  Organic  Carbon 

6.4 

mg/1 

E415.1 

SW-02 

1 -Sep-95 

1 ,2,3,4-Tetramethylbenzene 

10  U 

ug/1 

E602 

SW-02 

1 -Sep-95 

1 ,2,3-Trimethylbenzene 

4  U 

ug/1 

E602 

SW-02 

1 -Sep-95 

1 ,2,4-Trimethylbenzene 

5.6 

ug/1 

E602 

SW-02 

1 -Sep-95 

1, 3, 5-Trimethy  lbenzene 

4  U 

ug/1 

E602 

SW-02 

1 -Sep-95 

Benzene 

83 

ug/1 

E602 

SW-02 

1 -Sep-95 

Chlorobenzene 

4  U 

ug/1 

E602 

SW-02 

1 -Sep-95 

Ethylbenzene 

20 

ug/1 

E602 

SW-02 

1 -Sep-95 

Toluene 

170 

ug/1 

E602 

SW-02 

1 -Sep-95 

Xylene  (total) 

85 

ug/1 

E602 

SW-02 

1 -Sep-95 

Total  Organic  Carbon 

6.9 

mg/1 

E415.1 

SW-03 

1 -Sep-95 

1,2,3,4-TetramethyIbenzene 

10  U 

ug/1 

E602 

SW-03 

1 -Sep-95 

1, 2,3 -Trimethy  lbenzene 

11 

ug/1 

E602 

SW-03 

1 -Sep-95 

1 ,2,4-Trimethylbenzene 

38 

ug/1 

E602 

SW-03 

1 -Sep-95 

1 ,3 , 5-Trimethy  lbenzene 

4  U 

ug/1 

E602 

SW-03 

1 -Sep-95 

Benzene 

580 

ug/1 

E602 

SW-03 

1 -Sep-95 

Chlorobenzene 

4  U 

ug/1 

E602 

SW-03 

1 -Sep-95 

Ethylbenzene 

12 

ug/1 

E602 

SW-03 

1 -Sep-95 

Toluene 

230 

ug/1 

E602 

SW-03 

1 -Sep-95 

Xylene  (total) 

100 

ug/1 

E602 

SW-03 

1 -Sep-95 

Total  Organic  Carbon 

10.8 

mg/1 

E415.1 

SW-04 

1 -Sep-95 

1,2,3,4-TetramethyIbenzene 

1  U 

ug/I 

E602 

SW-04 

1 -Sep-95 

1 ,2,3-Trimethylbenzene 

0.4  U 

ug/1 

E602 

SW-04 

1 -Sep-95 

1 ,2,4-Trimethylbenzene 

0.4  U 

ug/1 

E602 

SW-04 

1 -Sep-95 

1 ,3 , 5-Trimethy  lbenzene 

0.4  U 

ug/1 

E602 

SW-04 

1 -Sep-95 

Benzene 

0.4  U 

ug/1 

E602 

SW-04 

1 -Sep-95 

Chlorobenzene 

0.4  U 

ug/1 

E602 

SW-04 

1 -Sep-95 

Ethylbenzene 

0.4  U 

ug/1 

E602 

SW-04 

1 -Sep-95 

Toluene 

0.4  U 

ug/1 

E602 

SW-04 

1 -Sep-95 

Xylene  (total) 

0.4  U 

ug/1 

E602 

SW-04 

1 -Sep-95 

Total  Organic  Carbon 

5.9 

mg/1 

E415.1 
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TABLE  B.15 
SEDIMENT  DATA 
AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Locations 

Sample 

Date 

Analyte 

Result 

Units 

Analytical 

Method 

SD-01 

1 -Sep-95 

1 ,2,3 ,4-Tetramethylbenzene 

i.i 

ug/kg 

SW8020 

SD-01 

1 -Sep-95 

1 ,2,3-Trimethylbenzene 

0.5  U 

ug/kg 

SW8020 

SD-01 

1 -Sep-95 

1 ,2,4-Trimethy  lbenzene 

0.5  U 

ug/kg 

SW8020 

SD-01 

1 -Sep-95 

1,3,5-Trimethylbenzene 

0.5  U 

ug/kg 

SW8020 

SD-01 

1 -Sep-95 

Benzene 

0.5  U 

ug/kg 

SW8020 

SD-01 

1 -Sep-95 

Chlorobenzene 

0.5  U 

ug/kg 

SW8020 

SD-01 

1 -Sep-95 

Ethylbenzene 

0.5  U 

ug/kg 

SW8020 

SD-01 

1 -Sep-95 

Toluene 

1.1 

ug/kg 

SW8020 

SD-01 

1 -Sep-95 

Xylene  (total) 

0.5  U 

ug/kg 

SW8020 

SD-01 

1 -Sep-95 

Total  Organic  Carbon 

0.3 

% 

C02COUL 

SD-02 

1 -Sep-95 

1 ,2,3 ,4-Tetram  ethylbenzene 

2300 

ug/kg 

SW8020 

SD-02 

1 -Sep-95 

1 ,2,3-Trimethylbenzene 

3700 

ug/kg 

SW8020 

SD-02 

1 -Sep-95 

1 ,2,4-Trimethylbenzene 

17000 

ug/kg 

SW8020 

SD-02 

1 -Sep-95 

1 ,3,5-Trimethylbenzene 

2600 

ug/kg 

SW8020 

SD-02 

1 -Sep-95 

Benzene 

2700 

ug/kg 

SW8020 

SD-02 

1 -Sep-95 

Chlorobenzene 

280  U 

ug/kg 

SW8020 

SD-02 

1 -Sep-95 

Ethylbenzene 

6600 

ug/kg 

SW8020 

SD-02 

1 -Sep-95 

Toluene 

4600 

ug/kg 

SW8020 

SD-02 

1 -Sep-95 

Xylene  (total) 

21000 

ug/kg 

SW8020 

SD-02 

1 -Sep-95 

Total  Organic  Carbon 

0.18 

% 

C02C0UL 

SD-03 

1 -Sep-95 

1 ,2,3,4-Tetramethylbenzene 

2700 

ug/kg 

SW8020 

SD-03 

1 -Sep-95 

1 ,2,3-Trimethylbenzene 

4000 

ug/kg 

SW8020 

SD-03 

1 -Sep-95 

1 ,2,4-Trimethylbenzene 

29000 

ug/kg 

SW8020 

SD-03 

1 -Sep-95 

1 ,3,5-Trimethylbenzene 

6500 

ug/kg 

SW8020 

SD-03 

1 -Sep-95 

Benzene 

6300 

ug/kg 

SW8020 

SD-03 

1 -Sep-95 

Chlorobenzene 

180 

ug/kg 

SW8020 

SD-03 

l-Sep-95 

Ethylbenzene 

2200 

ug/kg 

SW8020 

SD-03 

1 -Sep-95 

Toluene 

2900 

ug/kg 

SW8020 

SD-03 

1 -Sep-95 

Xylene  (total) 

3200 

ug/kg 

SW8020 

SD-03 

1 -Sep-95 

Total  Organic  Carbon 

1.6 

% 

C02COUL 

SD-04 

1 -Sep-95 

1 ,2,3,4-Tetramethylbenzene 

0.6  U 

ug/kg 

SW8020 

SD-04 

1 -Sep-95 

1 ,2,3-Trimethylbenzene 

0.5  U 

ug/kg 

SW8020 

SD-04 

1 -Sep-95 

1 ,2,4-Trimethylbenzene 

0.5  U 

ug/kg 

SW8020 

SD-04 

1 -Sep-95 

1,3,5-Trimethylbenzene 

0.5  U 

ug/kg 

SW8020 

SD-04 

1 -Sep-95 

Benzene 

0.5  U 

ug/kg 

SW8020 

SD-04 

1 -Sep-95 

Chlorobenzene 

0.5  U 

ug/kg 

SW8020 

SD-04 

1 -Sep-95 

Ethylbenzene 

0.5  U 

ug/kg 

SW8020 

SD-04 

1 -Sep-95 

Toluene 

0.5  U 

ug/kg 

SW8020 

SD-04 

1 -Sep-95 

Xylene  (total) 

0.5  U 

ug/kg 

SW8020 

SD-04 

1 -Sep-95 

Total  Organic  Carbon 

0.53 

% 

C02COUL 
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TABLE  B.16 

DETECTED  COMPOUNDS  IN  QC  SAMPLES 
AUGUST/SEPTEMBER  1995 
RISK-BASED  APPROACH  TO  REMEDIATION 
MOGAS  SITE,  MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Field 

Blank 

Blank 

Date 

Analyte 

Blank 

Concentration 

Units 

Sample 

Location 

Sample 

Date 

Sample 

Matrix 

TB2 

30-Aug-95 

Toluene 

i.i 

ug/1 

MOC-13 

30-Aug-95 

WG 

TB2 

30-Aug-95 

Toluene 

i.i 

ug/1 

MOC-19 

30-Aug-95 

WG 

TB2 

30-Aug-95 

Toluene 

u 

ug/1 

MOC-20 

30-Aug-95 

WG 

TB2 

30-Aug-95 

Toluene 

i.i 

ug/1 

MW-03 

30-Aug-95 

WG 

TB2 

30-Aug-95 

Toluene 

i.i 

ug/1 

MW-04 

30- Aug-95 

WG 

TB2 

30-Aug-95 

Toluene 

i.i 

Ug/1 

MW- 14 

30-Aug-95 

WG 

TB2 

30- Aug-95 

Toluene 

i.i 

Ug/1 

MW-17 

30-Aug-95 

WG 

TB2 

30- Aug-95 

Toluene 

i.i 

Ug/1 

MW- 19 

30-Aug-95 

WG 
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APPENDIX  C 

BORING  LOGS,  WELL  CONSTRUCTION  DIAGRAMS,  AND 
ORP/pe  CONVERSION  CALCULATIONS 


APPENCOV.DOC 


MONITORING  POINT  IN^TAl  I  AT1QN  RECORD. 

MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER 

INSTALLATION  DATE  1  ^  ^  ‘  ^ - LOCATION  _ 


J08  NAME  _ 
JOB  NUMBER 


OUD  nuwioi_i\  — - -j- 

datum  elevation - HA - ~T77l 

DATUM  FOR  WATER  LEVEL  MEASUREMENT - tML- 

SCREEN  DIAMETER  &  MATERIAL  - — - - 

RISER  DIAMETER  &  MATERIAL - MIL———— 

CONE  PENETROMETER  CONTRACTOR 


jjjjr  [  95  LOCATION _ 

GROUND  SURFACE  ELEVATION 

_ _ SLOT  SIZE 

_ BOREHOLE  DIAMETER - 

_ ES  REPRESENTATIVE 


CPT-OI 

aJA 


ground  surface  - 


CONCRETE - 


40^ ~ 


-VENTED  CAP 
■COVER 


THREADED  COUPLING 


SOLID  RISER 


LENGTH  OF  SOLID 
RISER:  -JL£ — 


TOTAL  DEPTH 
OF  MONITORING 
POINT: _ ALL. 


SCREEN 


(NOT  TO  SCALE) 


LENGTH  OF  / 
SCREEN:  — tL 

SCREEN  SLOT 
SIZE:  — — 


LENGTH  OF  BACKFILLED 

BOREHOLE:  LLkLLJL  ,  / 

RAFK  FILLED  WITH: 


STABILIZED  WATER  LEVEL  ^ 'A. -  FEET 

BELOW  DATUM.  . 

TOTAL  MONITORING  POINT  DEPTH  MA—  FEET 
BELOW  DATUM.  ^ 

GROUND  SURFACE - —  FEET 


DZ/ir-T- 

MONITORING  POINT 
INSTALLATION  RECORD 

CP'T-O) 

yy?0A?/f'-L 

Myrtle  Beach  Air  Force  Base 

South  Carolina  - - 

ENOlNgERlNa  SClENCEjNfL 

Oenver,  Colorado  — 


CRT  based  SOIL 
CLASSIFICATION 


unNITORING  PAINT  INSTALLATION  RECQR.& 

,  n  M11ir  uyrtie:  rfach  -  air  force  base  monitoring  point  number  MoC  OJL_ 

WSTAUATK*.  L0CA.0N 

DATUM^  ELEVATION  _ ^  U  ~£±  -  —  GROUND  9*FACE  ELEVATION 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  - - ^  L  SL0T  *i7r  ^  <5>/* 

^CRFEN  DIAMETER  k  MATERIAL  — - - - bLUI  yV  v - 

SCREEN  DIAMb  it«  «  V</"  pf/C _ BOREHOLE  DIAMETER  J/Zl - 

RISER  DIAMETER  k  j</) CO/^  re  RFPRESENTAT1^  _ 

CONE  PENETROMETER  CONTRACTOR  - ES  REPRESENTA  livt  - 


GROUND  SURFACE- 


CONCRETE 


•VENTED  CAP 
■COVER 


r  j.  •••• 

iMw 


threaded  COUPUNG 


SOLID  RISER- 


LENGTH  OF  SOLID 
RISER:  1 7 1 


TOTAL  DEPTH 
OF  MONITORING 
POINT: 

/~7.  ° 


SCREEN 


LENGTH  OF  Q 
SCREEN:  r$J— 

SCREEN  SLOT 
SIZE:  -Ml!! - 

LENGTH  OF  BACKR-LED 
BOREHOLE:  AlAH— 

;  BACKFILLED  WITH:  JAAL. 


(NOT  TO  SCALE) 


STABILIZED  WATER  LEVEI - (PM- 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH  A 
BELOW  DATUM.  .  , 

ground  surface  _Jddtk. - 


7)(2Afr~ 

MONITORING  POINT 
INSTALLATION  RECORD 

jYl  0  C 

Myrtle  Beach  Air  Force  Base 
_ South  Carolina _ 

pSSSeerino  science,  ini^ 

0env/©r,  Colorado 


K 


SLOT  SIZE 


0>t  o/£ 


JOB  NAME 


MONITORING  POINT  installation  Rfc(,Q_ 

MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  - 


JOB  NUMBER 


ONITORING  PUIN  I  - 

/JjaJjJL  location 

_  y  /  r> 


DATUM  ELEVATION 


_ _ INSTALLATION  DATE 

_£Lzi±L  GROUND  SURFACE  ELEVATION 


Iz^LJLL  &\rr 


(NOT  TO  SCALE) 


STABILIZED  WATER  LEVEL 
BELOW  DATUM. 


tM 


FEET 


/V.£> 


TOTAL  MONITORING  POINT  DEPTH  J3L—  FEET 


BELOW  DATUM. 
GROUND  SURFACE 


monitoring  point 

INSTALLATION  RECORD 

MOC- 

Myrtle  Beach  Air  Force  Base 
South  Carolina _ 

pSoSeERINC  SCIENCE,  INC 


MONITORING  POINT  INSTAI I  ATI  ON  KtUUKU 

.  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER 
E  NUMBER  INSTALLATION  DATE  LOCATION 


2 INSTALLATION 

'Z±q±  j±J*£i 


LOCATION 


ry?$64f 


DATUM  ELEVATION  - ^  ~iu 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  ——— ^ 

SCREEN  DIAMETER  k  MATERIAL  - - 

RISER  DIAMETER  &  MATERIAL  *UL  f'V'r— 
CONE  PENETROMETER  CONTRACTOR 


ja  it — /. / /  r  ^ - - - - —  ,  \ 

_ GROUND  SURFACE  ELEVATION  ZV'  7^  -t+J?rI 

±L  ^LLL _ _ 77- 

_ SLOT  SIZE  9/'°--— - 

_ _  BOREHOLE  DIAMETER - - 

_ ES  REPRESENTATIVE  — tdi  He*?"*'.— 


ground  surface- 


CONCRETE - 


-VENTED  CAP 
-COVER 


threaded  coupling 


SOLID  RISER- 


length  of  solid 
RISER:  2- 


TOTAL  DEPTH 
OF  MONITORING 


POINT:. 


13  -O 


SCREEN 


LENGTH  OF  , 

SCREEN:  d. 

SCREEN  SLOT 
SIZE:  _Ml! - 

LENGTH  OF  BACKFILLED 
BOREHOLE:  — — . 

\  BACKFILLED  WITH:  - 


(NOT  TO  SCALE) 


A //tA. 


STABILIZED  WATER  LEVEL  -  """ - 

BELOW  DATUM.  , 

TOTAL  MONITORING  POINT  DEPTH  Id. 1 - 

BELOW  DATUM. 

_ _  d  0.0  2- 


GROUND  SURFACE 


MONITORING  POINT 
INSTALLATION  RECORD 

jry\d£r)A3 

Myrtle  Beach  Air  Force  Base 

South  Carolina _ _ _ 

endineerino  science,  INC. 

QenvQr,  Colorado  _  ^ 


JOB  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE - 

JOB  NUMBER  INSTALLATION  DATE 

DATUM  ELEVATION  - Vbll -  ■ 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  Jf: - — 

SCREEN  DIAMETER  4  MATERIAL  - 

RISER  DIAMETER  4  MATERIAL - IX—2-— — - 

CONE  PENETROMETER  CONTRACTOR  - 


r  \  1—1 MUM  ^ 

MONITORING  POINT  NUMBER  - 

LlIA11£-  LOCATION  - 

GROUND  SURFACE  ELEVATION  'Zy'AA - 

SI  OT  SIZE  i^ZlZlZL 

_ BOREHOLE  DIAMETER - /Aw - 

_ ES  REPRESENTATIVE - lSl  LES2^L- 


ground  SURFACE- 


CONCRETE- 


-VENTED  CAP 
•COVER 


THREADED  COUPLING 


SOLID  RISER  • 


LENGTH  OF  SOLID 
RISER:  Z£Ls  0  — 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  I2l£— 


SCREEN 


LENGTH  OF 
SCREEN: 

SCREEN  SLOT 
SIZE:  -  °-Q^ - 

LENGTH  OF  BACK0U-ED 
BOREHOLE:  — ritZ—-, 

:  BACKFILLED  WITH:  - d— 


(NOT  TO  SCALE) 


STABILIZED  WATER  LEVEI - N  r(\ -  FEET 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH  ill —  FEET 
8ELOW  DATUM.  . 

GROUND  SURFACE - - -  FEET 


MONITORING  POINT 
INSTALLATION  RECORD 

Myrtle  Beach  Air  Force  Base 

South  Carolina  _ 

is?  enoSeerinp  SCIENCE, INC. 

' ~~  Denver.  Colorado  _ - 


CPT  based  SOIL 
CLASSIFICATION 


<u  yc 
•—to  o 
at  03  in 

>  a  ** 


staAejg  3  spues^ 
spues'* 
sajn^xiw  pues^ 
sajn^xtw  ;US 
sAe  t o~ 

s^ea/ 


-  S 

a,  O  ^ 
>  -*J 


(;39j)  mdaa 


i  .  _n . 

— i — i — « — i — r — i — i — i — i — i — i — r — r — i — i — i — i — i — r— 

T — 111111*1"  1 

(}33J)  mdaa 


unNITORING  POINT  1NSTA 

JOB  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE - M 


JTON 


vJVO  linmu  - — - - 

JOB  NUMBER  - INSTALLATION  D 

datum  elevation - - -TT 

DATUM  FOR  WATER  LEVEL  MEASUREMENT - - 

SCREEN  DIAMETER  k  MATERIAL  — - 

RISER  DIAMETER  &  MATERIAL  - 

CONE  PENETROMETER  CONTRACTOR  IMRCO^ 


FORCE  BASE  MONITORINp  POINT  NUMBER  _ 

INSTALLATION  DATE  — LlUl  / LOCATION  — 
_ _ GROUND  SURFACE  ELEVATION 


CPT]^0^_ 

aJA 


_ SLOT  SIZE . 

BOREHOLE  DIAMETER - 

ES  representative  -is 


ground  surface- 


CONCRETE- 


•VENTED  CAP 
-COVER 


rrwwv 


threaded  coupling 


saio  RISER- 


LENGTH  OF  SOLID 
RISER:  — — 


TOTAL  DEPTH 
OF  MONITORING 
POINT: _ AIAl. 


SCREEN 


(NOT  TO  SCALE) 


STABILIZED  WATER  LEVEL  J fM. -  FEET 

BELOW  DATUM.  - 

TOTAL  MONITORING  POINT  DEPTH  uLL —  FEET 
BELOW  DATUM. 

CROUNO  SURFACE - -  FEET 


LENGTH  OF  /a, 
SCREEN:  — CJl— 

SCREEN  SLOT 
SIZE: -ML! - 


LENGTH  OF  BACKFILLED 

BOREHOLE:  JZ^27-  ,  /  L 

BACKFILLED  WITH: 


monitoring  point 
installation  record 

yy/oAy/fcA 

Myrtle  Beach  Air  Force  Base 

South  Carolina  - 

SClENCEijNH: 

Oqfiv  er,  Colorado 


lYIWMI  IVi'iiiy  <  yj - ■  -v-t-  •  - - - - 

.no  M  a wr  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER 

JOB  NUMBER  9UJL ?  ^ - INSTALLATION  DATE  .  ///f/ff  LOCATION 

DATUM  ELEVATION  _2^U- - —  GROUND  SURFACE  ELEVATION 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  -3*1- 12. - cnrcirr  ? 

SCREEN  DIAMETER  *  MATERIAL  lit-  - - f^ce^TV7' 

RISER  DIAMETER  k  MATERIAL  -  B0REH°nL^“*>f^. 

CONE  PENETROMETER  CONTRACTOR  - ES  REPRESENTATIVE  L  ■  t£l 


ground  surface- 


CONCRETE 


^^9 


•VENTED  CAP 
•COVER 


THREADED  COUPLING 


SOUD  RISER- 


LENGTH  OF  SOLID 
RISER:  IL± — 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  L&J2- 


SCREEN 


LENGTH  OF 
SCREEN: 

SCREEN  SLOT 
SIZE:  — - 

LENGTH  OF  BACKFILLED 

BOREHOLE:  — CAsl - 

8ACK FILLED  WITH:  - 


(NOT  TO  SCALE) 


STABILIZED  WATER  LEVEL  — CLLi 
BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  jjd*  'J-L  _ 


0±L  FEET 


MONITORING  POINT 
INSTALLATION  RECORD 

WlfiC  ~^°7 

Myrtle  Beach  Air  Force  Base 

South  Carolina _ 

enoinesring  science,  INC, 

Denver,  Colorado 


CPT  based  SOIL 
CLASSIFICATION 


monitoring  point  installation  mm 

...  uyrHF  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  LL  — - 

JOB  NAME  - — — —  -  _  .  __  /■///  f 7 i  oration  /MOCA'S 

trn  Mimnrp  'ZZ'^'2'2'  INSTALLATION  DATE  LOCATION - —  — 

JOB  NUMBER  —L - —7-77—3.  ./  romwn  SURFACE  ELEVATION  AlLL1±—± 


JOB  NUMBER  -  ~ZL  VT 

DATUM  ELEVATION  ^ 

DATUM  FOR  WATER  LEVEL  MEASUREMENT 

SCREEN  DIAMETER  &  MATERIAL  - 

RISER  DIAMETER  &  MATERIAL  (V  -Ji——- 
CONE  PENETROMETER  CONTRACTOR  05 A \COtz__ 


GROUND  SURFACE- 


CONCRETE- 


TE  — UJ w  l  L' ^  cT  ri 

_  ground  surface  elevation  AlIiI*-  tr"* 

£h_Ad£-L _ _ _ _ 77— 

_ _ SLOT  SIZE  f',?-  — - 

_ .BOREHOLE  DIAMETER  - 

_ ES  REPRESENTATIVE  K±  tfAn^L - 

•VENTED  CAP 
■COVER 

h®57  r 


threaded  coupling 


SOLID  RISER 


SCREEN 


(NOT  TO  SCALE) 


M 

STABILIZED  WATER  LEVEL - 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH  J 

below  datum.  b 

GROUND  SURFACE  - 


ii,e 


length  of  solid 

RISER:  /A  ^  — 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  r/?f  a— 


LENGTH  OF 
SCREEN: 

SCREEN  SLOT 
SIZE:  —QaOI! - - 

LENGTH  Of  BACKnLLED 

BOREHOLE:  - 

\  BACKnLLED  WITH:  - 


MONITORING  POINT 
INSTALLATION  RECORD 

MdC-oZ 

fyjfl 

Myrtla  Baach  Air  Force  Base 

South  Carolina _ _ _ 

SCIENCMNC. 

Oanver.  Colorado _ , 


CPT  based  SOIL 
CLASSIFICATION 


J08  NAME  _ 
JOB  NUMBER 


MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING 
•7^££ 2^  INSTALLATION  DATE  iI/JlIIZ- 


MONITORWG  point  number 
lil±  LOCATION  _ 


vJUD  ITUWIOUX  A - (A 

DATUM  ELEVATION  - £t£ - — 

DATUM  FOR  WATER  LEVEL  MEASUREMENT - - 

SCREEN  DIAMETER  k  MATERIAL  — "j- - - 

RISER  DIAMETER  k  MATERIAL  - 

CONE  PENETROMETER  CONTRACTOR 


GROUND  SURFACE  ELEVATION 

_ _ SLOT  SIZE . 

_ BOREHOLE  DIAMETER - 

_ ES  REPRESENTATIVE 


aJA 


ground  surface- 


CONCRETE- 


-VENTED  CAP 
-COVER 


rj-  7FW» 


threaded  coupung 


SaiD  RISER- 


length  of  soud 

RISER:  — 


TOTAL  DEPTH 
OF  MONITORING 
POINT: _ M/L 


SCREEN 


LENGTH  OF  ~ 

SCREEN:  — LL2— 

SCREEN  SLOT 
SIZE:— - 

LENGTH  OF  BACKFILLED 
BOREHOLE:  .  ’Zg'  U-  /.L 

BACKFILLED  WITH: 


(NOT  TO  SCALE) 


fAM 


STABILIZED  WATER  LEVEL  - 1 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH  . 
BELOW  DATUM. 

GROUND  SURFACE - 


monitoring  point 

INSTALLATION  RECORD 

CPT'-'^f 

Myrtle  Beach  Air  Force  Base 

South  Carolina _ 

ESSSSSiNO  SCIENCE,  INg. 

Denver.  Colorado  _ 


CPT  based  SOIL 
CLASSIFICATION 


siaAejg  3  spues^ 
spues' 
sajrnxtw  pues^ 
sajn^xiw 

sAets' 

sie3d<: 


unNITORING  POINT  INSTAI  I  ATI  ON  RtUUKU 

,.n  imir  MVRTl  F  RFACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER 

M  INSTALLATION  DATE  Jlkte-  LOCATION 

DATUM  ELEVATION  ZM£-£LmI^-  jmM  SURFACE  ELEVATION  MT  ..£W 

_ _  uMTrn  I  r\/ri  VJTAd  IPFUFK1T  "2  V^7y  -^T'  /M^_j - - - - - 


JGb  NUMDC.H  '  ~tj-W~T/-  Zf7 

datum  elevation  — — 

DATUM  FOR  WATER  LEVEL  MEASUREMENT^— — L-i 

SCREEN  DIAMETER  &  MATERIAL  £  - - 

RISER  DIAMETER  &  MATERIAL  — n  -tL——-— 
CONE  PENETROMETER  CONTRACTOR  USHC0lz__ 


_ SLOT  SIZE 

.  BOREHOLE  DIAMETER  — Uozl - 

ES  REPRESENTATIVE  7?'  ft?*'/ 


ground  surface- 


CONCRETE 


■VENTED  CAP 
■COVER 


threaded  COUPUNG 


SOLID  RISER 


LENGTH  OF  SOLID 
RISER:  LLcJ2— 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  C5L (-2— 


SCREEN 


LENGTH  OF 
SCREEN:  f— 

SCREEN  SLOT 
SIZE:  _QaQ1! - 

LENGTH  OF  BACKFILLED 

BOREHOLE:  — tJAl - 

BACKFILLED  WTH:  _ JA 


(NOT  TO  SCALE) 


fJm 


STABILIZED  WATER  LEVEL  J. - 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE 


MONITORING  POINT 
INSTALLATION  RECORD 

/yl£>6ybJ’ 

Myrtle  Beach  Air  Force  Base 

South  Carolina _ _ _ _ _ 

£P  fng^jbehing  science,  INC. 

~~~~~  Denver.  Colorado 


CPT  based  SOIL 
CLASSIFICATION 


Ml^lNl  I  UIaIINo  rUIIN  I  UNO  la  _  . 

« "« , 
SZiuiO^  &**?***■ ELEVATON  ^  ^ 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  ^  9IDTS17F  ^liZEZZ 

SCREEN  DIAMETER  ^  M^'AL  jfr  ROREHOLE  DIAMETER  /f^-"  — 

C*ER  PENETROMETER  CONTRACTOR  UMM - _ESREPRESENTA.VE  K  tfrtf— 


ground  surface- 


CONCRETE - 


■VENTED  CAP 
-COVER 


threaded  coupling 


LENGTH  OF  SOLID 
RISER:  LLH— 


SOUD  RISER 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  /  9<  Q— 


SCREEN 


LENGTH  OF 
SCREEN:  *lZ— 

SCREEN  SLOT 
SIZE:  - - 

LENGTH  OF  BACKRLLED 

BOREHOLE:  — kUh - 

I  BACKFILLED  WITH:  -Mi 


(NOT  TO  SCALE) 


STABILIZED  WATER  LEVEL  -  FEET 

BELOW  DATUM.  ^ 

TOTAL  MONITORING  POINT  DEPTH  uL -  FEET 

BELOW  DATUM.  -  ^ 

GROUND  SURFACE - - - -  FEFT 


monitoring  point 

INSTALLATION  RECORD 

hiOC-K 

Myrtle  Beach  Air  Force  Base 

South  Carolina _ _ _ 

ENgSeiEBINO  SCIENC^INC. 

QenvQi',  Colorado^^^_ 


CPT  based  SOIL 
CLASSIFICATION 


unNiTORING  POINT  INSTALLATION  RECQBQ 

UVRT1F  BEACH  -  AIR  FORCE  BASE  MONITORING.  POINT  NUMBER  J2L - — - 

Z  Z INSTAUATlOtToATC  JM2u£—  LOCATION  ±S^ 

JOB  NUMBER  - ^TT TTl  GROUND  SURFACE  ELEVATION  Z2LL  It"* 


JOB  NUMbLK — i  - — ; — p> - ,  _ _ 

DATUM  ELEVATION  7j'!.Lftt  UTT^b^ 
DATUM  FOR  WATER  LEVEL  MEASUREMENT  __  £ 

SCREEN  DIAMETER  &  MATERIAL  (Y  r  - - - 

RISER  DIAMETER  &  MATERIAL  -  ^  “ 

CONE  PENETROMETER  CONTRACTOR  _  ES 


t _ - — - - — - - 

_ SLOT  SIZE 

BOREHOLE  DIAMETER — U/^_L - - 

ES  REPRESENTATIVE  /?•  tt&lt— 


ground  surface- 


CONCRETE- 


■VENTED  CAP 
■COVER 


threaded  coupling 


saio  RISER- 


SCREEN 


(NOT  TO  SCALE) 


STABILIZED  WATER  LEVEL 
BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH  lAl -  FEET 

BELOW  DATUM.  ^ 

GROUND  SURFACE  — 2— — L- -  FEET 


LENGTH  OF  SOLID 

DICCD-  /&  •  ^ _ 


TOTAL  DEPTH 
OF  MONITORING 


POINT: 


.  !2.a 


LENGTH  OF 
SCREEN:  22— 

SCREEN  SLOT 
S1Z£:_Q^ - 

LENGTH  OF  BACKFILLED 

BOREHOLE:  —hUt. - - 

,  BACKFILLED  WITH:  —M 


monitoring  point 

INSTALLATION  RECORD 

MOC-Z't 

fylZZ/ft  f/r*. 

Myrtle  Beach  Air  Force  Base 

South  Carolina _ _ * 

I^SSbinc  science^nE: 

Denver.  Colorad o  _ 


CPT  based  SOIL 
CLASSIFICATION 


DQ  v 
Li-  ^ 


(laai)  q^daa 


S[3A9J9  3  spues^ 
SpU9Sr 
sajnixrw  pues^ 
sajn^xrn  IHS^ 
sAeirf 
s;eadC 


(laa;)  mdaa 


•C  CM 
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aj  *i  O 

CD 

cu  O 
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oj  —  E  1 
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a 

C  t/ioiinco 
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DUJQ^O 


MflMIQiMS  point  installation  recobq 

JOB  NAME  _MVRILLBgACH  -  A!R  FORCE  BASE - M^tT^GPO, NT  NUMBER  - 

tnn  MNfinFP  3^3^^  INSTALLATION  date  _l443-tZS- - LOCATION - ,,  —  ./ 

®CE  ELEVARON^-^W 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  ___ — - ^  “  nT  ^17r  7/ 

_ _  »..r-n-o  i.  UATTRI&I  ^'.Y  rj'S' - - - iLU  °  ,  ,  /  T, 


SCREEN  DIAMETER  &  MATERIAL  —IL.  - 

RISER  DIAMETER  &  MATERIAL  — n 

CONE  PENETROMETER  CONTRACTOR  Ld-L. - 


_ _  SLOT  SIZE 

BOREHOLE  DIAMETER — L  #4 !!. - 

ES  REPRESENTATIVE  tit&uy. 


ground  surface- 


CONCRETE- 


-VENTED  CAP 
-COVER 


r  i-  ~  vw» 


threaded  coupung 


LENGTH  OF  SOUD 
RISER:  (2* d— 


SaiD  RISER 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  j£lY>_ 


SCREEN 


LENGTH  OF 
SCREEN:  JtlZ— 

SCREEN  SLOT 
SIZE:  -  °-Q1- - 

LENGTH  OF  BACKFILLED 

BOREHOLE:  -  hJA. I - 

,  BACKFILLED  WITH:  —lb. 


(NOT  TO  SCALE) 


/Vff 

STABILIZED  WATER  LEVEL  J. - 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

^O.  Z-  ^ 

GROUND  SURFACE - :=^— - 


monitoring  point 

INSTALLATION  RECORD 

/yU?(^4S 

Myrtle  Beach  Air  Force  Base 

South  Carolina _ 

ENaiNEERlNP  SCIENCE,  1N£: 

QenvQf*.  Colored o 


monitoring  point  installation 

...  uYRTl  F  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER - Cr/ 

J0B  NAME  - INSTALLATION  DME  dSM  .  LOCATE  fW**- 

JOB  NUMBER  -^££2^—  INSTALLATION  DATE  M  _ 

datum  elevation  - - CL - —jz  _ 

_ ..nrrn  .  r\/tTI  VJ C  A  Cl  IpCU  PWT  N P _ _ _ _ _ _ “ _ : - 


JUt3  nu - 1 - - - f  A 

datum  elevation  - ttlL - — - 

DATUM  FOR  WATER  LEVEL  MEASUREMENT - - — 

SCREEN  DIAMETER  k  MATERIAL  — - - 

RISER  DIAMETER  k  MATERIAL - bltt——— 

CONE  PENETROMETER  CONTRACTOR  fA^RCO^_ 


_ SLOT  SIZE 

BOREHOLE  DIAMETER - 

.  ES  REPRESENTATIVE 


GROUND  SURFACE- 


CONCRETE- 


•VENTED  CAP 
•COVER 


5^<Ws/ 


threaded  COUPUNG 


SaiD  RISER- 


LENGTH  OF  SOLID 
RISER:  — LIAl — 


TOTAL  DEPTH 
OF  MONITORING 
POINT: _ LkA- 


SCREEN 


LENGTH  OF  > 
SCREEN:  — L± 

SCREEN  SLOT 
SIZE:_QaQ1!— 


LENGTH  OF  BACKF^.l£D 
BOREHOLE:  '^kAU-  .  /  L 

BACKFILLED  WITH: 


(NOT  TO  SCALE) 


STABILIZED  WATER  LEVEL  JAAA -  FEET 

below  DATUM.  - 

TOTAL  MONITORING  POINT  DEPTH  AUL.  FEET 
BELOW  DATUM.  , 

GROUND  SURFACE - L/  U± - L -  FEET 


MONITORING  POINT 
INSTALLATION  RECORD 

CPT'/f 

Myrtle  Beach  Air  Force  Base 

South  Carolina _ _ _ 

1  eNO^MEERINP  SCIENCEJNH: 

Oenver,  Colorad o  _ 


CPT  based  SOIL 
CLASSIFICATION 


MONITORING  POINT  INSTALL  AT1QN  RECQBU 

-  uvrti  F  REACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  -L 

JOB  NAME  MYRTLE  B  _ _ “  ,  /  ,  <T  .  i'V'ath'iN  MO<$4r5 


DATUM  FOR  WATER  LEVEL  MEASUREMENT  - ±- -  cnr^r 

SCREEN  DIAMETER  *  MA^IAL  y/Jr  pyc  ROREHOtE  DIAMETER — — 

Z  ^  Sa^mEZes  representative 


ground  surface- 


CONCRETE- 


-VENTED  CAP 
-COVER 


f  j. 

— <‘-v-'vAV 


threaded  COUPLING 


LENGTH  OF  SOUD 
RISER:  ^ — 


SOUD  RISER 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  ^£l£- 


SCREEN 


LENGTH  OF 
SCREEN:  .  — 

SCREEN  SLOT 
SIZE: .  Ml! - 

LENGTH  OF  BACKFILLED 

BOREHOLE:  ..  A - 

,  BACKFILLED  WITH:  —M 


(NOT  TO  SCALE) 


STABILIZED  WATER  LEVEL  FEET 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH -  FEET 

BELOW  DATUM. 

GROUND  SURFACE  — ^ - FEET 


MONITORING  POINT 
INSTALLATION  RECORD 

W/DC  -/? 

Myrtle  Beach  Air  Fores  Base 

South  Carolina _ _ _ 

5?  FNgSS»1NG  SClENCE1jNgj 


Denver,  Colorado 


CPT  based  SOIL 
CLASSIFICATION 


U0N1TQRING  POINT  INSTAllAiim  klwiz  | 

...  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  , 

JOB  NUMBER  —  INSTALLATION  DATE  jJllliZ- - LOCATION 

DATUM  FOR  WATER  LEVEL  MEASU^ENT  - -  „T  gl7r 

SCREEN  DIAMETCR  k^^jj^7c  T^T^TaMETCR  ■— 

S  PENETROMETER  CONTRACTOR  USACSC - ES  REPRESENTATIVE  &  — 


ground  surface  - 


CONCRETE- 


■VENTED  CAP 
•COVER 


TT^rWA 


threaded  coupling 


SOLID  RISER 


LENGTH  OF  SOLID 
RISER:  - 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  l*Zt£— 


SCREEN 


LENGTH  OF 
SCREEN:  _>i±— 

SCREEN  SLOT 
SIZE: .  °-Q1- - - 

LENGTH  OF  BACKFILLED 

BOREHOLE:  — MlC - 

,  BACKFILLED  WITH:  —Ml 


(NOT  TO  SCALE) 


STABILIZED  WATER  LEVEL  -  FEET 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH  /  ' FEET 
8ELOW  DATUM.  ,  •/, 

GROUND  SURFACE  __d±LlL -  FEET 


~p2-d'^r~' 

monitoring  point 

INSTALLATION  RECORD 

Myrtle  Beach  Air  Force  Base 

South  Carolina _ - _ 

Engineering  sciENCE.iNgj: 

Denver.  Colorad o  _ 


CPT  based  SOIL 
CLASSIFICATION 


MONITORING  point  installation  rkqrs 

. UYRT1 F  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  ,  — 

S  :  INSTALLATION  location 

^  ^-^OUNO  SURFACE  ELEVATION 

_ lii a  tt”d  irwci  UFAStlRFMFNT _ fil'd-  - - - - 7  T  .  ^  // 


job  numdlk  —  —  rr 

datum  elevation  — ?/•??  zr:  ^ — — 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  ___  > 

SCREEN  DIAMETER  k  MATERIAL  -JL-  - - 

RISER  DIAMETER  &  MATERIAL  -  ^  ,L-a,7^ 

CONE  PENETROMETER  CONTRACTOR  U^HCa^ 


_ SLOT  SIZE 

BOREHOLE  DIAMETER — Zii_ - - 

ES  REPRESENTATIVE  7v  treij&L — 


ground  surface- 


CONCRETE- 


mm: 


■VENTED  CAP 
■COVER 


threaded  coupung 


length  of  soud 

RISER:  -2A2- — 


SOLID  RISER 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  /Y'°— 


SCREEN 


length  of 

SCREEN: 

SCREEN  SLOT 
SIZE:  _JS£C - - 

LENGTH  OF  BACKFILLED 

BOREHOLE:  — M&l - - 

;  BACKFILLED  WITH:  —Mi 


(NOT  TO  SCALE) 


a 


STABILIZED  WATER  LEVEL  J- - 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  OEPTH  L 
BELOW  DATUM.  /9  Q  9 

GROUND  SURFACE  - - - — 


1 yz./^r^r' 

monitoring  point 

INSTALLATION  RECORD 

r/jp&fJ' 

Myrtle  Beach  Air  Force  Base 

South  Carolina - - 

^gS^RlNO  SC1ENCEJNC. 

Denver.  Colorado _ . _ , 


DEC  4  ’35  13:45  FROM  CO  MCflS  BFT  SC 


TO  913038318208 


PAGE. 004/006 


TYPE  11  MONITORING  WELL  INSTALLATION  DIAGRAM 


I  T  rt  ii  wiv*i**  *  - -  - 

- -  JOB  NAME  BeaCh  Air  FefC<>  ^ - 

WELL  NO.  MW-03  - - JOB  NO.  1 1-066  _ 

daTE  3-21-94  _ TIME  — 1Z£2 - 

WELL  LOCATION  .  M0GASAr«> 


=  ~  BENTONITE  TYPE 

GROUND  SURFACE  ELEVATION - 22 i - - - manufacturer  cetco 

a  tz  fZA 


OKyUNU  ownrwt  .  —  —  man  Ur  ho  I  uncn  —  - 

TOP  OF  SCREEN  ELEVATION - - CEMENT  TYPE  Portland 

r  „„  m?  .  MANUFACTURER  Holg 

REFEREN  CE  POINT  ELEVATION  — - — 

TVDfi  T„  paCK  sinca  gradation  20  /  40-—  borehole  diameter  _ 

FILTER  PACK  MANUFACTURER  Atlanta  Sand  and  Su — Y_  ENVIRONMENTAL.  INC 

TCDU,  Schedule  40  PVC  _  FIELD  REPRESENTATIVE 

SCREEN  MATERIAI - — — - — — 

MANUFACTURER  _Bramard  KJman - - - - -  DRILLING  CONTRACTOR  _ 

SCREEN  DIAMETER  -JL - SLOT  SIZE  °‘01  ° - AMOUNT  BENTONITE  USEE 


SCRKN  DIAMETER  - SLOT  SIZE  _i22»l 

riser  materiai — Scb°aiJ'*'“r^- - 

MANUFACTURER  Brainard  IQIman 
RISER  DIAMETER - — - ■ - - - 

ORILUNO  TECHNIQUE  - 

AUGER/BIT  SIZE  AND  TYPE  61/4  ID  HSA  _ - 

REMARKS  — — — - - -  * 


CEMENT  TYPE  _  PortlandTff^ - 

MANUFACTURER  Holiwan  Santee - - - — 

BOREHOLE  DIAMETER  — — - - - - - “ 

LAW  ENVIRONMENTAL.  INC. 

FIELD  REPRESENTATIVE  - 

DRILUNG  CONTRACTOR  Law  Engineering - 

AMOUNT  BENTONITE  USED  JP  bS’ - - 

AMOUNT  CEMENT  USED  . - — — - 

AMOUNT  SAND  USED 500  — - “ 

STATIC  WATER  LEVEL  (>  24  hrs.  after  dev.) - !Z^— 

MEASURED  ON  (Date/Time) - - - — - 


(NOT  TO  SCALE; 

ALL  MEASUREMENTS  IN  FEET) 


STEEL  POST 


DIMENSIONS  OF  > 
CONCRETE  PAD 
3‘X3"X4" 


DEPTH  TO  TOP  OF 
BENTONITE  SEAL 
0-5’ 


VENTED  CAP  LOCKABLE  COVER  r 
WELL\  i^WEEPHOLEsl 
IPROI-SCTOR^l-^-J^I 


GROUND  SURFACE 
STEEL  POST  ; 


TOTAL  DEPTH 
OF  BORING 
15.02’ 


DEC  4  *  95  13:45  FROM  CO  MCflS  BFT  SC 


TO  S 1 30383 1 8208 
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TYPE  II  MONITORING  WELL  INSTALLATION  DIAGRAM 


JOB  NAME  Mynla  Beach  Air  Force  Baee - 

WELL  NO.  MW-04  -JOB  NO.  11-0667 

date  3-26-94 _ -TlME  - 

WELL  LOCATION  .  MCkSAS  Arca  • 


GROUND  SURFACE  ELEVATION - - 

TOP  OF  SCREEN  ELEVATION - - - - 

REFERENCE  POINT  ELEVATION - - - - - 

tvcp  cn  TFR  PACK  Silica  GRADATION  —  ^ — r-' 

Rl4r^^ Atlanta  Sand  and  Supply 

SCREEN  MATERIAL  SchedU‘C^?  PVC  - - 

MANUFACTURER  Brainard  Kilman - - - 


BENTONITE  TYPE  -  a/s*  - — 

MANUFACTURER  CETCO - 

CEMENT  TYPE  _ Portland  Type  1 - - 

MANUFACTURER  Holman  Samoa  - - 

BOREHOLE  DIAMETER  — — - - - 

LAW  ENVIRONMENTAL.  INC. 

FIELD  REPRESENTATIVE  _,e-  - 

DRILLING  CONTRACTOR  — 1 **  Engineering, 


SCREEN  DIAMETER  S- - -  SL0T  S1ZE  °  °10  "  AMOUNT  BENTONITE  USED  75  b>'. 


RISER  MAT  RIAL  _.Sc^dule  4°PVC  - 

MANUFACTURER  Brainard  Kilman - 

RISER  DIAMETER - - - - - — - 

DRILLING  TECHNIQUE  JSSSESg^ 
AUGER/BIT  SIZE  AND  TYPE  __61/4  IDHSA 

REMARKS - — - 


AMOUNT  CEMENT  USED  - - - 

AMOUNT  SAND  USED  600  lba' - - 

STATIC  WATER  LEVEL  (>  24  hrs.  after  dev.) - 

MEASURED  ON  (Date/Time) - - - 


GROUND  SURFACE 
STEEL  POST  , 


TOTAL  DEPTH 
OF  BORING 
15-29' 


DEPTH  TO  TOP  OF 
BENTONITE  SEAL  ' 
1.0* 


DEPTH  TO  TOP  OF 
FILTER  PACK 
3.0’ 


CONCRETE 
^3  GROUT 
g-.V.'.l  BENTONITE 
£553  FILTER  PACK 


LENGTH  OF 
SCREEN 
10.02' 


LENGTH  OF 
END  CAP 
0.58' 


END  CAP 


QA/QC 


DRILLED  R-Bante/J.  Rites 
DISCREPANCIES:  - 


INSPECTOR:  - 
CHECKED  BY: 


E.  Dolan 


DATE: 


DEC  4  *95  13:45  FROM  CO  MCAS  BFT  SC 

■ 


TO  913038318208 
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TYPE  U  MONITORING  WELL  INSTALLATION  DIAGRAM 

JOB  NAME  Mvrtle  Beach  Air  Force  Base - 

WEL  ■  MQ  MW-05  JOB  NO.  11-0667 - - 

DATE  3-22-94  _ TIME  - 

WELL  LOCATION  _MOGAS  Area - - 


GROUND  SURFACE  ELEVATION - - — - 

TOP  OF  SCREEN  ELEVATION - IMI - - - 

REFERENCE  POINT  ELEVATION - - — 

TVPF  FILTER  PACK  Silica _ GRADATION  20  /  40  - 

FILTER  PACK  MANUFACTURER  Atlanta  Sand  and  Supply 

SCREEN  MATERIAL  ^Schedule  40  PVC - .  — : - 

MANUFACTURER  Bramard  Kllman  - - - — 

SCREEN  DIAMETER  — - - SLOT  SIZE  _2£!? - 

RISER  MATERIAL  -  Schedule  40  PVC - - - 

MANUFACTURER  Brainard  Kiltnan _ 

RISER  DIAMETER - - — — - — 

DRILLING  TECHNIQUE  Holl°™  - 

AUGER/BIT  SIZE  AND  TYPE  61/4  ID  HSA - > — 

REMARKS - - - 


BENTONITE  TYPE _ 3/8“  Pellets - 

MANUFACTURER  CETCO _ _ _ 

CEMENT  TYPE Portland  Type  1 — - 

MANUFACTURER  Holman  Santee - 

BOREHOLE  DIAMETER  -J£ - — 

LAW  ENVIRONMENTAL,  INC. 

FIELD  REPRESENTATIVE  E-00*!1 - 

DRILLING  CONTRACTOR  Law  Engineering. 

AMOUNT  BENTONITE  USED  75  - 

AMOUNT  CEMENT  USED - - - - 

AMOUNT  SAND  USED  — 600  lb?; - 

STATIC  WATER  LEVEL  (>  24  tvs.  after  dev.)  _ 
MEASURED  ON  (Date/Time) - 


(NOT  TO  SCALE; 

ALL  MEASUREMENTS  IN  FEET) 


STEEL  POST 


VENTED  CAP  LOCKABLE  COVER  p 
WELL^S\  >/wEEP  HOLES 
PROTECTOR r 


K 

I  STEEl 


GROUND  SURFACE 


DIMENSIONS  OF 
CONCRETE  PAD 
3'x3'x4" 


TOTAL  DEPTH 
OF  BORING 
16.0* 


]~ DRILLER:  R~  BanksAi~ 


QA  /  QC  |  pisCREPANClES; 


INSPECTOR;  _ 
CHECKED  BY; 


E.  Dolan 


DATE; . 


0667.81 


**  TOTAL  PAGE. 006  ** 


Geologic  Borehole  and  Well  Completion  Log 

Date  08/08/95  estdate  :  Establishing  Company  ESCI  esccode 

Northing  0.00  ft.  ncoord  I  Drilling  Company  ALL  drlcode 

Easting  0.00  ft.  ecoord  I  Drill  Rig  Type  mob  b— 61  drleqp  ^ir  ^orce  Installation  MYRTL 

Borehole  Total  Depth  1 7.00  ft.  depth  Construction  Method  HS  cmccode  Location  Identification  MW-06 


MW-06 

Geologic  Borehole  and  Well  Completion  Log 


Geologic  Borehole  and  Well  Completion  Log 


Denver, 


(,303)  831- 
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Geologic  Borehole  and  Well  Completion  Log 


PARSONS 

ENGINEERING 


Denver,  Colorado 
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Geologic  Borehole  and  Well  Completion  Log 


f^TlPARSQNS 

[■  j ENGINEERING  SCIENCE,  INC a 

Den ver,  Colorado  (303)  831-81001 


M^lNl  I  Uf\ino  ryim  n  ^  ^  <r  \/  f)  f 

m.uf  MYRT1  £  BEACH  -  AIR  FORCE  BASE _ MONITORING  POINT  NUMBER  -JL-C-  ' - 

S  ZbE^HI^—  INSTALLATION^  - LOCATION  MO^A-S 

”va^7zi£^  ^  ,  r  -jrr ^RFAC£  ELEVATON  zy^w 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  - - ^  L  Cl  nx  0.0/0  "  ~ 

““  “S'.  ™? g  If 

S SSSA. SSL is «™~ 


ground  surface- 


CONCRETE - 


-VENTED  CAP 
-COVER 


SP- 


threaded  coupung 


SOLID  RISER 


LENGTH  OF  SOLID 
RISER:  ^  — 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  _JL^_ 


SCREEN 


LENGTH  OF 
SCREEN: 

SCREEN  SLOT 
SIZE:  --Q-Qi: - 

LENGTH  OF  BACKFILLED 

BOREHOLE:  ..  Net. - 

I  BACKFILLED  WITH:  — UoL- - 


(NOT  TO  SCALE) 


STABILIZED  WATER  LEVEL  ■  -  FEET 

BELOW  DATUM.  , 

TOTAL  MONITORING  POINT  DEPTH  JLL —  FEET 
BELOW  DATUM. 

GROUND  SURFACE - - -  ^LET 


J&.A-rO' 

monitoring  point 

INSTALLATION  RECORD 

<5^7 

Myrtle  Beach  Air  Force  Base 

South  Carolina _ _ _ 

ST*  ENG^EERING  SClENCE.jNgj 


Denver.  Colorado 


JOB  NAME  ..  MYRTIE  BEACH  -  AIR  FORCE  BASE - 

JOB  NUMBER  7  ZS St-h -  INSTALLATION  DATE 

OATUM  ELEVATION  - 1£^±±L  Mil -  ■ 

DATUM  FOR  WATER  LEVEL  MEASUREMENT^ — - : 

SCREEN  DIAMETER  k  MATERIAL  JK.  - 

RISER  DIAMETER  k  MATERIAL  — lL - - — - 

CONE  PENETROMETER  CONTRACTOR  - 


M  IM  O  \  nu/  I  1  «  1  ^  ^  v-  ‘  — n,  I 

ASE  MONITORING  POINT  NUMBER  | 

TON  DATE  ft  if  fa?.—.  LOCATION  MOCA'S  . 

_ GROUND  SURFACE  ELEVATION  'Ullk. 

^s±  _ 1 

C _ _ SLOT  SIZE  f'^/0  —  ■ 

: _ _  BOREHOLE  DIAMETER  _  _ ziEL _ —  | 

_ ES  REPRESENTATIVE  7?'  - 


GROUND  surface- 


CONCRETE 


-VENTED  CAP 
-COVER 


THREADED  COUPLING 


SOLID  RISER 


LENGTH  OF  SOLID 
RISER:  — th-E— 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  1l 


SCREEN 


LENGTH  OF 
SCREEN: 

SCREEN  SLOT 
SIZE:.  Q--Q1^ - 

LENGTH  OF  BACKFILLED 

BOREHOLE:  — hlA I - 

BACKFILLED  WITH: 


(NOT  TO  SCALE) 


STABILIZED  WATER  LEVEL  J. - 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
8EL0W  DATUM. 

-7  < 

GROUND  SURFACE  - - 


2 yZA-Fi^ 

MONITORING  POINT 
INSTALLATION  RECORD 

Myrtle  Beach  Air  Force  Base 

South  Carolina _ ____ 

ENgSeERINO  science.ini 

Oonver.  Color  ado  ^ 


UDNlTORINn  POINT  INSTAl  I  ATI  ON  RECQRQ 

MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER 

JOB  NUMBER  INSTALLATION  DATE  _f//Xlt£- - LOCATION 


J08  NAME 


S[/-K>3 


DATUM  ELEVATION  - - -  - ,  r  33 JT' '( 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  J*'  1± 

onnrrii  nUljrTTO  ir  UATFRIAI  "47 _ /  ^  _ _ 


-fj-  fYlff 


GROUND  SURFACE  ELEVATION 


•2$. 3 7  7*PW I 


SCREEN  DIAMETER  k  MATERIAL  — 'tHr^T} r 
RISER  DIAMETER  &  MATERIAI - CL .  JL.  - 


.  SLOT  SIZE 


<2.0/0  " 


BOREHOLE  DIAMETER 


IK 


/! 


RISER  DIAMETER  &  MAltKlAL  -SJ-l - l — ^ - .  ■ —  -  -  . 

CONE  PENETROMETER  CONTRACTOR  US  - ES  REPRESENTATIVE  &  Vf-7/- 


STABILIZED  WATER  LEVEL 
BELOW  DATUM. 


TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM.  ^ 

GROUND  SURFACE  - — 


7-F 


FEET 

FEET 

FEET 


monitoring  point 

INSTALLATION  RECORD 

Si/- <9 3 

fyl£><£?4-3  Ss/c. 

Myrtle  Beach  Air  Force  Base 

South  Carolina _ _ _ 

pSiaSSEERlNP  SCIENCE,  INC. 


Q  90  v  0 t,  Color  ado 


MU1NI  I  uiaiinvj  r_ Vw/i in  i  inoinLuni'^^ _ l^vv1^  /■  » 

08  name  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  ^  __  \ 

JOB  NUMBER  _2lS5J^ -  INSTALLATION  DATE  J±m£—  LOCATION  _JWO<ZA-T^ 

DATUM  ELEVATION  - —— —  GROUND  SURFACE  ELEVATION  ^*7*^ 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  ^  ^  ~ 

SCREEN  DIAMETER  *  MATERIAL  - - *°^SIZE; TT7i -  I 

RISER  DIAMETER  4  MATERIAL  J/f  WjL  —  BOREHOLE  DIAMETER  -LZ-— - — -  I 

CONE  PENETROMETER  CONTRACTOR  USAC^iS. - ES  REPRESENTATIVE  Ki  t±£.  y/  _ 


GROUND  SURFACE- 


CONCRETE- 


-VENTED  CAP 
-COVER 


THREADED  COUPLING 


SOLID  RISER 


LENGTH  OF  SOLID 
RISER:  ¥•  — 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  _Zl_£_ 


SCREEN 


LENGTH  OF 
SCREEN:  £jZ— 

SCREEN  SLOT 
SIZE:  °-Q1- - 

LENGTH  OF  BACKFILLED 

BOREHOLE:  — t¥Ai - 

BACKFILLED  WITH: 


(NOT  TO  SCALE) 


STABILIZED  WATER  LEVEL  -  FEET 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH  ^  —  FEET 
BELOW  DATUM. 

_ inr  A  nc  *7  <  0  CCCT 


GROUND  SURFACE 


MONITORING  POINT 
INSTALLATION  RECORD 

5V'0</ 

Myrtle  Beach  Air  Force  Base 
South  Carolina _ _ 

ENG^SErIng  science, .ni 

Denver.  Colorado  ^ 


JOB  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONLTOR/NG  POINT  NUMBER  _ 

JOB  NUMBER  ^7 "2S S  — _ INSTALLATION  DATE  &//-L  / ^  — —  LOCATION  — £. 

DATUM  ELEVATION  - - - — — —  GROUND  SURFACE  ELEVATION 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  (  &  — - - - 

SCREEN  DIAMETER  k  MATERIAL  - S 

RISER  DIAMETER  k  MATERIAL  jp-  - BOREHOLE  DIAMETER  — ^ 

6eUL-PEI'tirTR0METER  CONTRACTOR - - - ES  REPRESENTATIVE 


1.0/0 


ground  surface- 


CONCRETE 


-VENTED  CAP 
-COVER 


THREADED  COUPUNG - - - 


SaiD  RISER- 


LENGTH  OF  SOLID 
RISER:  - 


TOTAL  DEPTH 
OF  MONITORING, 
POINT:  TALh, 


SCREEN 


LENGTH  OF  -./ 
SCREEN:  -A - 

SCREEN  SLOT 
SIZE:.  0-Q1- - 

LENGTH  OF  BACKFILLED 

BOREHOLE:  A'A - 

,  BACKFILLED  WITH:  -A 


(NOT  TO  SCALE) 


STABILIZED  WATER  LEVEL - 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE - 


Md&Af 

MONITORING  POINT 
INSTALLATION  RECORD 


Myrtle  Beach  Air  Force  Base 
_ South  Carolina  _ 

parsons 

engineering  SCIENCE,  INC 

Denver,  Colorado 


MUINI  I  VJrMINVj  rVJIIN  I  IMP  IMLLn  I  iwm  inlwi\w.  ^  . 

JOB  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER 

JOB  NUMBER  ‘32=Jl£2=1 - INSTALLATION  DATE  \UlL iJL—  LOCATION  .... 

DATUM  ELEVATION  _ _ — sr  GROUND  SURFACE  ELEVATION - 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  - /  2.  - — — — — - 

SCREEN  DIAMETER  4  MATERIAL  - SLOT  SIZE  .  0.  Ol£- 

RISER  DIAMETER  4  MATERIAL  -%  rff - BOREHOLE  DIAMETER - - 

leON^JdbNL-WUML fCTT  CONTRACTOR  ( 1 1  ft*  C '&=. - ES  REPRESENTATIVE - fL-L.L> - 


GROUND  SURFACE y 
- — 

CONCRETE — 

THREADED  COUPLING - 


SOLID  RISER 


<QXr~-d! 


SCREEN 


-VENTED  CAP 
-COVER 


(NOT  TO  SCALE) 


STABILIZED  WATER  LEVEI - fcLkl -  FEET 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH  fJ  lL  FEET 
BELOW  DATUM. 

GROUND  SURFACE - N.  ^ -  FEET 


LENGTH  OF  SOUD 
RISER:  - 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  /.<£ _ 


LENGTH  OF 
SCREEN: 

SCREEN  SLOT 
SIZE: .  0-01— 


LENGTH  OF  BACKFJLLED 
BOREHOLE:  A / 
BACKFILLED  WITH:  — /*”... 


nu)6?4-? 

MONITORING  POINT 
INSTALLATION  RECORD 


Myrtle  Beach  Air  Force  Base 
_ South  Carolina  _ _■ 

PARSONS 

ENOINEEHIND  SCIENCE,  INC 

Denver.  Colorado  _ I 


MUINIIUKHNL?  rUIIN  1  IINOIMLLAIIUI1  IXI-WIM/ 

NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  ^ 

JOB  NUMBER  ~7  'l-SZ'LJZ -  INSTALLATION  DATE - ZlU-MJ—  LOCATION  l2Zd£Al — 

DATUM  ELEVATION  - - - - - GROUND  SURFACE  ELEVATION - 

DATUM  FOR  WATER  LEVa  MEASUREMENT  - ~  0 ^ 

SCREEN  DIAMETER  k  MATERIAL  -fAf  C\r  jr - -  SL0  ZE 

RISER  DIAMETER  &  MATERIAL  ^  -  BOREHOLE  DIAMETER  - 

MNfcESSESBeMSTE*  CONTRACTOR  A///a*c<. - ES  REPRESENTATIVE  /VS* - 


GROUND  SURFACE- 


CONCRETE— 

1,0 — 

THREADED  COUPUNG - tt— 


le-|$ 


saiD  riser- 


/—VENTED  CAP 
/  /-COVER 

RIP* 


LENGTH  OF  SOUD 
RISER:  — C - 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  LM — 


Vs- 

Sc^cf 


SCREEN 


4",  £7 


LENGTH  OF 
SCREEN: 


SCREEN  SLOT 

>0.0  SIZE:  Mil— 


(NOT  TO  SCALE) 


LENGTH  OF  BACKFILLED 
BOREHOLE:  — /Vi4 
BACKFILLED  WITH:  JtL 


STABILIZED  WATER  LEVEL - -  FEET 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH  ftlAf  FEET 
BELOW  DATUM.  .  ^ 

GROUND  SURFACE - ^ -  FEET 


yvyOC-fcS 

MONITORING  POINT 
INSTALLATION  RECORD 


Myrtle  Beach  Air  Force  Base 
_  South  Carolina _ _ 

PARSONS 

ENGINEERING  SCIENCE,  INC. 

Denver.  Colorado  _ 
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J0B  name  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONI/ORWG  POINT  NUMBER  SV^d__ 
JOB  NUMBER  INSTALLATION  DATE  .  {ull/fJL  -  LOCATION  *T— 

DATUM  ELEVATION  _ _ - _ - _ GROUND  SURFACE  ELEVATION  — - 

DATUM  FOR  WATER  LEVEL  MEASUREMENT 

SCREEN  DIAMETER  4  MATERIAL  ¥/  *  - SLOT  SIZE  f  ^  — 

r  contractor  - es  representative  rrf? - 


GROUND  SURFACE- 


CONCRETE 


THREADED  COUPLING 


k  i  /■.  UO 


■VENTED  CAP 
•COVER 


WW' 


SaiD  RISER 


LENGTH  OF  SOLID 
RISER:  - 2 - 


9'  7 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  lH. _ 


SCREEN 


LENGTH  OF  ~ 

SCREEN:  j-L 1— 

SCREEN  SLOT 

tf,o  [size: -am: — 

LENGTH  OF  BACKFILLED 
BOREHOLE:  — bill— 
BACKFILLED  WITH:  -jdl 


(NOT  TO  SCALE) 


STABILIZED  WATER  LEVEL  - bLK -  FEET 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH  df—  FEET 
BELOW  DATUM. 


GROUND  SURFACE 


MONITORING  POINT  I 
INSTALLATION  RECORD  * 
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AS  — 1 

Geologic  Borehole  and  Well  Completion  Log 


Geologic  Borehole  and  Well  Completion  Log 

Date  08/10/95  estdate  :  Establishing  Company  ESCI  esccode 

Northing  0.00  ft.  ncoord  ;  Drilling  Company  ALL  drlcode 

Easting  0.00  ft.  ecoord  ;  Drill  Rig  Type  mob  b  —  61  drlegp  ^ir  ^orce  Installation  MYRTL 

Borehole  Total  Depth  1 2.00  ft.  depth  :  Construction  Method  HS  cmccode  Location  Identification  AS-2 


AS— 2 

Geologic  Borehole  and  Well  Completion  Log 


DERIVATION  OF  pe  EQUATION 


For  some  applications  it  is  customary  to  report  redox  potential  readings  relative  to  the 
normal  hydrogen  electrode  (NHE).  To  convert  redox  potential  reading  taken  with  a 
field  meter  and  electrode  the  following  equation  is  used: 

EH  =  E0  +  C  Equation  1 

where; 

Eh  =  oxidation  reduction  potential  of  the  sample  relative  to  the  NHE  in  millivolts 
(mV) 

E0  =  potential  developed  by  the  field  platinum  redox  electrode  in  mV 
C  =  potential  developed  by  the  reference  electrode  portion  relative  to  the  NHE  in 
mV 

For  the  Orion  Platinum  Redox  Electrode  (model  96-  or  97-78-00)  with  Orion  filling 
solution  900001,  C  =  241  mV  at  25°C.  The  constant  C  varies  slightly  with  changing 
temperature;  therefore,  if  the  temperature  of  the  electrode  itself  is  below  10°C  or  above 
30°C,  C  will  correspond  with  the  manufacturer’s  instructions. 

Equation  23  from  page  436  of  Stumm  and  Morgan,  1981  is  indeed  the  correct  equation, 
and  with  a  few  substitutions  the  equation  used  to  calculate  pe  in  the  Draft  Corrective 
Action  Plan  is  derived.  Equation  23  from  Stumm  and  Morgan  is  as  follows: 

pe  =  F  *  Eh  Equation  2 

2.3RT 

On  page  7,  in  the  introduction  of  the  Stumm  and  Morgan  reference,  the  following  is 
stated: 

RTF'1  (In  10)  =  59.16  mV  at  25°C 
therefore; 

2.3RT/F  =  59.16  mV 

By  replacing  F/2.3RT,  the  inverse  of  2.3RT/F,  with  the  inverse  of  59.16,  Equation  2  is 
reduced  to: 

pe  =  Eh/59.16  Equation  3 

And  by  substituting  Equation  1  for  EH  in  Equation  3,  the  equation  used  in  the  Draft 
Corrective  Action  Plan  appears. 

pe  =  E0  +  241  Equation  4 

59.16 

Equation  4  is  the  correct,  probe  specific,  equation  for  calculating  pe  value  from  redox 
potential  readings  taken  from  an  Orion  Platinum  Redox  Electrode  (model  96  or  97-78- 
00)  with  Orion  filling  solution  900001. 


APPENDIX  D 


WATER  LEVEL  DATA,  VERTICAL  GRADIENT  CALCULATIONS,  AND 

AQUIFER  TEST  DATA 


APPENCOV.DOC 


WATER-LEVEL  MEASUREMENTS 
MOGAS  SITE  CORRECTIVE  ACTION  PLAN 
RISK-BASED  APPROACH  TO  REMEDIATION 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Depth  to 

Water 

Depth  to 

Water 

Depth  to 

Water 

Datum 

Water 

Elevation 

Water 

Elevation 

Water 

Elevation 

Location 

Elevation 

Jan-95 

Jan-95 

Aug-95 

Aug-95 

Oct-95 

Oct-95 

(ft  TOC) 

(ft  MSL) 

(ft  TOC) 

(ft  MSL) 

(ft  TOC) 

(ft  MSL) 

Groundwater  Levels 

AS-01 

19.62 

5.14 

14.48 

4.44 

15.18 

AS-02 

20.80 

6.26 

14.54 

5.42 

15.38 

MOC-02 

25.23 

25.50 

25.23 

10.04 

15.19 

8.85 

16.38 

MOC-03 

24.56 

24.81 

24.56 

9.55 

15.01 

8.51 

16.05 

MOC-04 

24.48 

24.70 

24.48 

9.62 

14.86 

8.69 

15.79 

MOC-05 

24.57 

24.63 

24.57 

9.92 

14.65 

9.00 

15.57 

MOC-07 

23.99 

24.24 

23.99 

9.48 

14.51 

8.55 

15.44 

MOC-08 

24.18 

24.59 

24.18 

8.84 

15.34 

7.34 

16.84 

MOC-IO 

24.74 

24.89 

24.74 

10.20 

14.54 

8.99 

17.40 

MOC-11 

24.17 

24.43 

24.17 

9.05 

15.12 

7.98 

15.18 

MOC-12 

23.11 

23.28 

23.11 

8.23 

14.88 

7.29 

15.13 

MOC-13 

21.91 

22.02 

21.91 

7.87 

14.04 

6.80 

14.62 

MOC-19 

22.10 

22.20 

22.10 

8.24 

13.86 

7.00 

15.30 

MOC-20 

23.03 

23.16 

23.03 

8.75 

14.28 

7.92 

16.03 

MOC-21 

21.93 

22.07 

21.93 

7.39 

14.54 

6.51 

14.01 

MW-01 

27.72 

10.81 

16.91 

12.05 

15.67 

10.81 

21.21 

MW-02 

27.60 

12.09 

15.51 

12.89 

14.71 

11.89 

15.71 

MW-03 

22.87 

8.01 

14.86 

8.52 

14.35 

7.80 

15.07 

MW-04 

23.79 

9.09 

14.70 

9.56 

14.23 

8.87 

14.92 

MW-05 

21.93 

6.83 

15.10 

7.37 

14.56 

6.64 

15.29 

MW-06 

24.42 

9.55 

14.87 

8.37 

16.05 

MW-07 

25.47 

9.33 

16.14 

7.90 

17.57 

MW-08 

23.09 

8.13 

14.96 

6.00 

17.09 

MW-09 

23.10 

7.51 

15.59 

5.94 

17.16 

MW- 10 

23.83 

7.39 

16.44 

5.73 

18.10 

MW- 11 

20.76 

6.57 

14.19 

5.81 

14.95 

MW- 12 

21.98 

9.09 

12.89 

5.89 

16.09 

MW- 13 

21.93 

6.31 

15.62 

4.13 

17.80 

MW- 14 

21.94 

7.87 

14.07 

7.17 

14.77 

MW- 15 

22.34 

9.52 

12.82 

6.31 

16.03 

MW- 16 

21.54 

8.51 

13.03 

5.37 

16.17 

MW- 17 

21.66 

7.76 

13.90 

6.45 

15.21 

MW- 18 

21.28 

8.20 

13.08 

5.09 

16.19 

MW- 19 

21.23 

7.21 

14.02 

6.11 

15.12 

MW-111 

25.43 

4.98 

20.45 

7.59 

17.84 

5.21 

20.22 

MW-112 

22.46 

7.47 

14.99 

8.01 

14.45 

7.28 

15.18 

MW-I13 

22.96 

7.88 

15.08 

8.43 

14.53 

7.62 

15.34 

VENT-01 

24.60 

9.03 

15.57 

VENT-02 

24.18 

8.43 

15.75 

Surface  Water  Levels 

SW-01 

24.69 

1.49 

14.14 

SW-02 

24.87 

2.31 

14.43 

SW-03 

25.13 

2.63 

14.45 

SW-04 

25.36 

2.4 

15.08 

SW-05 

1.40 

14.23 

SW-06 

2.22 

14.52 

SW-07 

2.53 

14.55 

SW-08 

2.3 

15.18 

k:\myrtle\tables\GWELEV.XLS 


APPENDIX  C 
VERTICAL  GRADIENTS 
MOGAS  SITE  CORRECTIVE  ACTION  PLAN 
RISK-BASED  APPROACH  TO  REMEDIATION 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Groundwater  Elevation 

October 

14.19 

12.89 

14.95 

16.09 

13.03 

16.17 

13.90 

15.21 

13.08 

16.19 

14.02 

15.12 

12.82 

16.03 

17.89 

20.22 

Screen 

Interval 

(ftbgs) 

Ground 

Surface 

Elevation 

4-15 

20.95 

30-35 

22.22 

31.2-36.2 

21.69 

5-15 

21.83 

30-35 

21.36 

5-15 

21.31 

32.3-38.3 

22.52 

3.5-13.5 

22.76 

_ Water  Level  Difference _ 

Distance  between  mid-points  of  saturated  screen  intevals 

Mid-Point  of  Saturated  Screen  Interval  (Aug/ Oct) 


MW11 

MW12 


10.07/10.45 
-10.28/- 10.28 


MW16 

-12.01  /-12.0 1 

MW  17 

10.36/11.02 

MW18 

-11. 14/-1 1 . 14 

MW  19 

10.16/10.71 

MW  15 

-12.78/-12.78 

MW111 

13.55/14.26 

Vertical  Gradient 

Aug 

Oct 

North  of 

MWl  1 

0.0644 

0.0554 

Ditch 

MW12 

South 

MW  16 
MW  17 

0.0394 

0.042t 

of 

Ditch 

MW  18 

MW19 

0.0444 

0.049T 

Way  North 

MW15 

0.1914 

0.1554 

of  Ditch 

MWl  1 1 

Screen 

Elevation 

Mid-Point  of 
Saturated  Screen 

Interval 

16.95/5.95 

10.45 

-7.78  / -12.78 

-10.28  j 

-9.51  /  -14.51 

-12.01 

16.83  /  6.83 

11.83 

-8.64/ -13.64 

-11.14 

16.31  /  6.3 1 

11.31  1 

j 

-9.78  /  -15.78 

-12.78 

19.26  /  9.26 

14.26 

022/725522/ 13. XLS 
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|  TEST  DESCRIPTION 

Data  set .  FALLMW06.DAT 

■utput  file .  FALLMW06 .  OUT 

Jata  set  title .  FALLING  HEAD  SLUG  TEST  MW06 

Company .  PARSONS  ENGINEERING  SCIENCE 

Jjroject .  725522.04000 

lient . MYRTLE  BEACH  AFB 

ocation . WELL  MW06 

Test  date . AUGUST  16,  1995 

■ 

■hits  of  Measurement 

Length .  ft 

■  Time . min 


Test  Well  Data 

(Initial  displacement  in  well .  4.438 

Radius  of  well  casing .  0.08333 

Radius  of  wellbore .  0.34 

Aquifer  saturated  thickness .  6.69 

I  Well  screen  length .  6.69 

Static  height  of  water  in  well...  6.69 

Gravel  pack  porosity .  0.3 

■  Effective  well  casing  radius .  0.1988 

Effective  wellbore  radius .  0.34 

Log (Re/Rw) .  2.207 

Constants  A,  B  and  C .  0.000  , 

■  No.  of  observations .  187 


0.000,  1.651 


ANALYTICAL  METHOD 


Bouwer-Rice  (Unconfined  Aquifer  Slug  Test) 


RESULTS  FROM  STATISTICAL  CURVE  MATCHING 


■TATISTICAL  MATCH  PARAMETER  ESTIMATES 

I  Estimate  Std.  Error 

I  K  =  5 . 6830E+000  +/-  1.4488E-001  ft/day 

yO  =  2 . 0872E-001  +/-  3.8786E-003  ft 


JALYSIS  OF  MODEL  RESIDUALS 


lesidual  =  observed  -  calculated 


weighted  residual  =  residual  *  weight 


Weighted  Residual  Statistics: 

Number  of  residuals .  3  3 

Number  of  estimated  parameters. ...  2 

Degrees  of  freedom .  31 

Residual  mean .  0.0006258 

Residual  standard  deviation .  0.003877 

Residual  variance .  1.503E-005 


Model  Residuals: 


Time 

Observed 

Calculated 

Residual 

Weight 

0.8 

0.132 

0.12863 

0.0033696 

1 

0.8166 

0.132 

0.12734 

0.0046551 

1 

0.8333 

0.129 

0.12606 

0.0029354 

1 

0.85 

0.126 

0.1248 

0.0012029 

1 

0.8666 

0.126 

0.12355 

0.0024501 

1 

0.8833 

0.123 

0.12231 

0.00069227 

1 

0.9 

0.123 

0.12108 

0.0019219 

1 

0.9166 

0.12 

0.11987 

0.00013199 

1 

0.9333 

0.12 

0.11866 

0.0013371 

1 

0.95 

0.116 

0.11747 

-0.0014698 

1 

0.9666 

0.116 

0.1163 

-0.00029585 

1 

0.9833 

0.113 

0.11513 

-0.0021266 

1 

1 

0.113 

0.11397 

-0.00096915 

1 

1.2 

0.097 

0.10098 

-0.003979 

1 

1.4 

0.082 

0.089469 

-0.0074694 

1 

1.6 

0.075 

0.079272 

-0.0042718 

1 

1.8 

0.066 

0.070236 

-0.0042364 

1 

2 

0.06 

0.062231 

-0.0022309 

1 

2.2 

0.05 

0.055138 

-0.0051378 

1 

2.4 

0.044 

0.048853 

-0.0048532 

1 

2.6 

0.041 

0.043285 

-0.002285 

1 

2.8 

0.037 

0.038351 

-0.0013514 

1 

3 

0.034 

0.03398 

1 . 9912E-005 

1 

3.2 

0.034 

0.030107 

0.0038929 

1 

3.4 

0.031 

0.026675 

0.0043245 

1 

3.6 

0.028 

0.023635 

0.004365 

1 

3.8 

0.022 

0.020941 

0.0010589 

1 

4 

0.018 

0.018554 

-0.00055424 

1 

4.2 

0.022 

0.016439 

0.0055606 

1 

4.4 

0.022 

0.014566 

0.0074343 

1 

4.6 

0.018 

0.012905 

0.0050945 

1 

4.8 

0.018 

0.011435 

0.0065655 

1 

5 

0.015 

0.010131 

0.0048688 

1 

RESULTS  FROM  VISUAL  CURVE  MATCHING 


VISUAL  MATCH  PARAMETER  ESTIMATES 
Estimate 

K  =  5 . 6830E+000  ft/day 

y0  =  2 . 0872E-001  ft 
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AQTESOLV  RESULTS 
Version  2.01 

Developed  by  Glenn  M.  Duf field 
(c)  1988-1995  Geraghty  &  Miller,  Inc. 

04/18/96 


TEST  DESCRIPTION 

Data  set . 

Output  file... 

Data  set  title 

Company . 

Project . 

Client . 

Location . 

Test  date . 

Units  of  Measurement 


Length .  ft 

Time . min 


Test  Well  Data 

Initial  displacement  in  well .  1 

Radius  of  well  casing .  0.08333 

Radius  of  wellbore .  0.33  3 

Aquifer  saturated  thickness .  6.69 

Well  screen  length .  6.69 

Static  height  of  water  in  well...  6.69 

Gravel  pack  porosity .  0.3 

Effective  well  casing  radius .  0.1953 

Effective  wellbore  radius .  0.333 

Log(Re/Rw) .  2.225 

Constants  A,  B  and  C .  0.000  ,  0.000,  1.663 

No.  of  observations .  175 


RISEMW06.DAT 
RISEMW06 . OUT 

RISING  HEAD  SLUG  TEST  MW06 

PARSONS  ENGINEERING  SCIENCE 

725522.04000 

MYRTLE  BEACH  AFB 

MW06 

AUGUST  14,  1995 


ANALYTICAL  METHOD 

Bouwer-Rice  (Unconfined  Aquifer  Slug  Test) 

RESULTS  FROM  STATISTICAL  CURVE  MATCHING 

STATISTICAL  MATCH  PARAMETER  ESTIMATES 

Estimate  Std.  Error 

K  =  6 . 8489E+000  +/-  2.1234E-001  ft/day 

y0  =  2 . 8412E-001  +/-  5 . 3960E-003  ft 

ANALYSIS  OF  MODEL  RESIDUALS 
residual  =  observed  -  calculated 


weighted  residual  =  residual  *  weight 


ighted  Residual  Statistics: 

Number  of  residuals .  41 

Number  of  estimated  parameters....  2 

Degrees  of  freedom .  39 

Residual  mean .  0.0005211 

Residual  standard  deviation .  0.006114 

Residual  variance .  3.738E-005 


Model  Residuals: 


Time 

Observed 

Calculated 

Residual 

Weight 

0.5 

0.208 

0.19526 

0.012739 

1 

0.5166 

0.202 

0.19284 

0.0091558 

1 

0.5333 

0.199 

0.19044 

0.0085566 

1 

0.55 

0.195 

0.18807 

0.0069275 

1 

0.5666 

0.189 

0.18575 

0.0032549 

1 

0.5833 

0.189 

0.18343 

0.0055673 

1 

0.6 

0.186 

0.18115 

0.004851 

1 

0.6166 

0.183 

0.17891 

0.0040927 

1 

0.6333 

0.18 

0.17668 

0.00332 

1 

0.65 

0.176 

0.17448 

0.0015195 

1 

0.6666 

0.173 

0.17232 

0.00067877 

1 

0.6833 

0.17 

0.17018 

-0.00017594 

1 

0.7 

0.167 

0.16806 

-0.0010574 

1 

0.7166 

0.164 

0.16598 

-0.0019776 

1 

0.7333 

0.161 

0.16391 

-0.0029113 

1 

0.75 

0.157 

0.16187 

-0.0048707 

1 

0.7666 

0.157 

0.15987 

-0.0028675 

1 

0.7833 

0.154 

0.15788 

-0.0038773 

1 

0.8 

0.151 

0.15591 

-0.0049118 

1 

0.8166 

0.148 

0.15398 

-0.0059824 

1 

0.8333 

0.148 

0.15207 

-0.0040654 

1 

0.85 

0.145 

0.15017 

-0.0051723 

1 

0.8666 

0.142 

0.14831 

-0.0063139 

1 

0.8833 

0.142 

0.14647 

-0.0044675 

1 

0.9 

0.138 

0.14464 

-0.006644 

1 

0.9166 

0.138 

0.14285 

-0.004854 

1 

0.9333 

0.135 

0.14108 

-0.0060756 

1 

0.95 

0.132 

0.13932 

-0.0073193 

1 

0.9666 

0.132 

0.1376 

-0.0055952 

1 

0.9833 

0.132 

0.13588 

-0.0038822 

1 

1 

0.129 

0.13419 

-0.0051906 

1 

1.2 

0.11 

0.1155 

-0.0054955 

1 

1.4 

0.097 

0.099405 

-0.002405 

1 

1.6 

0.085 

0.085556 

-0.00055612 

1 

1.8 

0.078 

0.073637 

0.0043633 

1 

2 

0.069 

0.063378 

0.0056222 

1 

2.2 

0.063 

0.054548 

0.0084518 

1 

2.4 

0.056 

0.046949 

0.0090514 

1 

2.6 

0.05 

0.040408 

0.0095921 

1 

2.8 

0.044 

0.034778 

0.0092216 

1 

3 

0.041 

0.029933 

0.011067 

1 

RESULTS  FROM  VISUAL  CURVE  MATCHING 


VISUAL  MATCH  PARAMETER  ESTIMATES 
Estimate 

K  =  6 . 8489E+000  ft/day 

yO  =  2.8412E-001  ft 
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TEST  DESCRIPTION 

Data  set .  FALLMW07.DAT 

Output  file .  FALLMW07  .  OUT 

Data  set  title .  FALLING  HEAD  SLUG  TEST  MW07 

Company .  PARSONS  ENGINEERING  SCIENCE 

Project .  725522.04000 

Client .  MYRTLE  BEACH  AFB 

Location . MW07 

Test  date . AUGUST  14,  1995 

Units  of  Measurement 

Length .  ft 

Time .  min 


Test  Well  Data 

Initial  displacement  in  well .  2.919 

Radius  of  well  casing .  0.08333 

Radius  of  wellbore .  0.333 

Aquifer  saturated  thickness .  6.93 

Well  screen  length .  6.93 

Static  height  of  water  in  well...  6.93 

Gravel  pack  porosity .  0.3 

Effective  well  casing  radius .  0.1953 

Effective  wellbore  radius .  0.333 

Log  (Re/Rw) .  2.255 

Constants  A,  B  and  C .  0.000  ,  0.000,  1.685 

No.  of  observations .  202 


ANALYTICAL  METHOD 

Bouwer-Rice  (Unconfined  Aquifer  Slug  Test) 


RESULTS  FROM  STATISTICAL  CURVE  MATCHING 


STATISTICAL  MATCH  PARAMETER  ESTIMATES 

Estimate  Std.  Error 

K  =  6 . 8011E+000  +/-  2 . 9073E-001  ft/day 

y0  =  1 . 8723E-001  +/-  1 . 0141E-002  ft 


ANALYSIS  OF  MODEL  RESIDUALS 


residual  =  observed  -  calculated 


weighted  residual  =  residual  *  weight 


jeighted  Residual  Statistics: 

Number  of  residuals .  21 

Number  of  estimated  parameters ....  2 

Degrees  of  freedom . . .  19 

Residual  mean .  0.0009071 

Residual  standard  deviation .  0.003448 

i  Residual  variance .  1.189E-005 


odel  Residuals: 

Time  Observed  Calculated  Residual  Weight 


1 

0.094 

0.087454 

0.0065461 

1 

1.2 

0.075 

0.075104 

-0.00010352 

1 

1.4 

0.063 

0.064497 

-0.0014973 

1 

1.6 

0.053 

0.055389 

-0.0023888 

1 

1.8 

0.044 

0.047567 

-0.0035667 

1 

2 

0.037 

0.040849 

-0.0038492 

1 

2.2 

0.031 

0.03508 

-0.0040804 

1 

2.4 

0.028 

0.030126 

-0.0021263 

1 

2.6 

0.025 

0.025872 

-0.00087181 

1 

2.8 

0.022 

0.022218 

-0.00021815 

1 

3 

0.018 

0.01908 

-0.0010805 

1 

3.2 

0.018 

0.016386 

0.0016141 

1 

3.4 

0.015 

0.014072 

0.00092817 

1 

3.6 

0.015 

0.012085 

0.0029154 

1 

3.8 

0.012 

0.010378 

0.001622 

1 

4 

0.012 

0.0089124 

0.0030876 

1 

4.2 

0.012 

0.0076538 

0.0043462 

1 

4.4 

0.012 

0.0065729 

0.0054271 

1 

4.6 

0.009 

0.0056446 

0.0033554 

1 

4.8 

0.009 

0.0048475 

0.0041525 

1 

5 

0.009 

0.0041629 

0.0048371 

1 

RESULTS 

FROM  VISUAL  1 

CURVE  MATCHING 

VISUAL  MATCH  PARAMETER  ESTIMATES 

|  Estimate 

K  =  6 . 8011E+000  ft/day 

m  yO  =  1. 8723E-001  ft 


0.001 


I  TEST  DESCRIPTION 

Data  set .  RISEMW07.DAT 

■utput  file .  RISEMW07  .OUT 

ftata  set  title .  RISING  HEAD  SLUG  TEST  MW07 

Company .  PARSONS  ENGINEERING  SCIENCE 

Iroject .  725522.04000 

lient .  MYRTLE  BEACH  AFB 

ocation . MW07 

Test  date . AUGUST  14,  1995 

liits  of  Measurement 

Length .  ft 

■t  Time . min 


Test  Well  Data 

■Initial  displacement  in  well .  2.567 

Radius  of  well  casing .  0.08333 

Radius  of  wellbore .  0.33  3 

Aquifer  saturated  thickness .  6.93 

I  Well  screen  length .  6.93 

Static  height  of  water  in  well...  6.93 

Gravel  pack  porosity .  0.3 

■  Effective  well  casing  radius .  0.1953 

Effective  wellbore  radius .  0.333 

Log  (Re/Rw) .  2.255 

Constants  A,  B  and  C .  0.000  , 

ft.  No.  of  observations .  178 


0.000,  1.685 


ANALYTICAL  METHOD 


Bouwer-Rice  (Unconfined  Aquifer  Slug  Test) 


RESULTS  FROM  STATISTICAL  CURVE  MATCHING 


■TATISTICAL  MATCH  PARAMETER  ESTIMATES 

I  Estimate  Std.  Error 

K  =  4 . 2790E+000  +/-  1.2738E-001  ft/day 

y0  =  2 . 0583E-001  +/-  3.4646E-003  ft 


JALYSIS  OF  MODEL  RESIDUALS 


lesidual  =  observed  -  calculated 


weighted  residual  =  residual  *  weight 


Weighted  Residual  Statistics: 

Number  of  residuals .  23 

Number  of  estimated  parameters....  2 

Degrees  of  freedom .  21 

Residual  mean .  0.000118 

Residual  standard  deviation .  0.003496 

Residual  variance .  1.222E-005 


Model  Residuals: 

Time  Observed  Calculated  Residual  Weight 


0.8 

0.145 

0.14032 

0.0046834 

1 

0.8166 

0.142 

0.13921 

0.0027945 

1 

0.8333 

0.142 

0.1381 

0.0039034 

1 

0.85 

0.138 

0.137 

0.0010036 

1 

0.8666 

0.138 

0.13591 

0.0020884 

1 

0.8833 

0.135 

0.13483 

0.00017111 

1 

0.9 

0.135 

0.13375 

0.0012452 

1 

0.9166 

0.132 

0.1327 

-0.00069564 

1 

0.9333 

0.132 

0.13164 

0.00036145 

1 

0.95 

0.129 

0.13059 

-0.0015899 

1 

0.9666 

0.129 

0.12956 

-0.00055578 

1 

0.9833 

0.126 

0.12852 

-0.0025237 

1 

1 

0.126 

0.1275 

-0.0014999 

1 

1.2 

0.11 

0.11585 

-0.0058538 

1 

1.4 

0.101 

0.10527 

-0.0042715 

1 

1.6 

0.091 

0.095656 

-0.0046558 

1 

1.8 

0.085 

0.086918 

-0.0019184 

1 

2 

0.075 

0.078979 

-0.0039791 

1 

2.2 

0.069 

0.071765 

-0.002765 

1 

2.4 

0.066 

0.06521 

0.00079013 

1 

2.6 

0.063 

0.059253 

0.0037465 

1 

2.8 

0.059 

0.053841 

0.0051588 

1 

3 

0.056 

0.048923 

0.0070768 

1 

RESULTS  FROM  VISUAL  CURVE  MATCHING 


VISUAL  MATCH  PARAMETER  ESTIMATES 
Estimate 

K  =  4 . 2790E+000  ft/day 

yO  =  2 . 0583E-001  ft 


EFFECT  OF  PARTIAL  PENETRATION  OF  WELLS 
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FIGURE  7.22  Plot  of  head  ratio  versus  time  used  for  Hvorslev  method. 


on  semilogarithmic  paper,  as  shown  in  Figure  7.22.  The  time-drawdown  data 
should  plot  on  a  straight  line. 

If  the  length  of  the  piezometer  is  more  than  8  times  the  radius  of  the  well 
screen  {LJR  >  8),  the  following  formula  applies: 


An  (LJR) 
2LeT0 


(7-85) 


where 

K  is  hydraulic  conductivity  (L/T;  ft/day,  m/day,  or  cm/s) 
r  is  the  radius  of  the  well  casing  (L;  ft,  m,  or  cm) 

R  is  the  radius  of  the  well  screen  (L;  ft,  m,  or  cm) 

Le  is  the  length  of  the  well  screen  (L;  ft,  m,  or  cm) 

T0  is  the  time  it  takes  for  the  water  level  to  rise  or  fall  to  37  percent  of 

the  initial  change  (Figure  7.22)  (T;  day  or  s) 

Equation  7-85  is  but  one  of  many  formulas  presented  by  Hvorslev  for 
differing  piezometer  geometry  and  aquifer  conditions.  However,  it  is  one  that  is 
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TEST  DESCRIPTION 


Data  set .  FALLMW09.DAT 

ftput  file .  FALLMW09  .  OUT 

ta  set  title .  FALLING  HEAD  SLUG  TEST  MW09 

Company .  PARSONS  ENGINEERING  SCIENCE 

Koject .  725522.04000 

ient .  MYRTLE  BEACH  AFB 

cation . .  MW09 

Test  date . AUGUST  14,  1995 


lits  of  Measurement 

Length .  ft 

Time . min 


lest  Well  Data 

I  Initial  displacement  in  well .  4.736 

Radius  of  well  casing .  0.08333 

Radius  of  wellbore .  0.333 

Aquifer  saturated  thickness .  8.36 

I  Well  screen  length .  8.36 

Static  height  of  water  in  well...  8.36 

Gravel  pack  porosity .  0.3 

I  Effective  well  casing  radius .  0.1953 

Effective  wellbore  radius .  0.333 

Log (Re/Rw) .  2.418 

Constants  A,  B  and  C .  0.000  , 

I  No.  of  observations .  190 


0.000,  1.817 


ANALYTICAL  METHOD 


Bouwer-Rice  (Unconfined  Aquifer  Slug  Test) 


RESULTS  FROM  STATISTICAL  CURVE  MATCHING 


[■ATISTICAL  MATCH  PARAMETER  ESTIMATES 

Estimate  Std.  Error 

K  =  6 . 6314E+000  +/-  1.3762E-001  ft/day 

y0  =  2 . 2457E-001  +/-  4.1349E-003  ft 


JALYSIS  OF  MODEL  RESIDUALS 


isidual  =  observed  -  calculated 


weighted  residual  =  residual  *  weight 


Weighted  Residual  Statistics: 

Number  of  residuals .  3  3 

Number  of  estimated  parameters. ...  2 

Degrees  of  freedom .  31 

Residual  mean .  0.0006323 

Residual  standard  deviation .  0.002528 

Residual  variance .  6.39E-006 


Model  Residuals: 

Time  Observed  Calculated  Residual  Weight 


0.8 

0.116 

0.11511 

0.0008872 

1 

0.8166 

0.116 

0.11353 

0.0024724 

1 

0.8333 

0.113 

0.11195 

0.0010452 

1 

0.85 

0.11 

0.1104 

-0.00040381 

1 

0.8666 

0.11 

0.10888 

0.0011166 

1 

0.8833 

0.11 

0.10737 

0.002625 

1 

0.9 

0.107 

0.10589 

0.0011125 

1 

0.9166 

0.104 

0.10443 

-0.00042926 

1 

0.9333 

0.104 

0.10298 

0.0010175 

1 

0.95 

0.101 

0.10156 

-0.00055585 

1 

0.9666 

0.101 

0.10016 

0.00084269 

1 

0.9833 

0.097 

0.09877 

-0.0017698 

1 

1 

0.097 

0.097401 

-0.00040145 

1 

1.2 

0.078 

0.082415 

-0.0044152 

1 

1.4 

0.066 

0.069735 

-0.0037347 

1 

1.6 

0.056 

0.059005 

-0.0030053 

1 

1.8 

0.047 

0.049927 

-0.0029267 

1 

2 

0.041 

0.042245 

-0.0012449 

1 

2.2 

0.034 

0.035745 

-0.0017451 

1 

2.4 

0.028 

0.030245 

-0.0022453 

1 

2.6 

0.025 

0.025592 

-0.00059174 

1 

2.8 

0.022 

0.021654 

0.00034583 

1 

3 

0.022 

0.018322 

0.0036776 

1 

3.2 

0.018 

0.015503 

0.0024967 

1 

3.4 

0.015 

0.013118 

0.001882 

1 

3.6 

0.012 

0.0111 

0.00090036 

1 

3.8 

0.012 

0.0093918 

0.0026082 

1 

4 

0.012 

0.0079468 

0.0040532 

1 

4.2 

0.012 

0.0067241 

0.0052759 

1 

4.4 

0.009 

0.0056895 

0.0033105 

1 

4.6 

0.009 

0.0048141 

0.0041859 

1 

4.8 

0.006 

0.0040734 

0.0019266 

1 

5 

0.006 

0.0034467 

0.0025533 

1 

RESULTS  FROM  VISUAL  CURVE  MATCHING 


VISUAL  MATCH  PARAMETER  ESTIMATES 
Estimate 

K  =  6 . 63 14E+000  ft/day 

y0  =  2 . 2457E-001  ft 
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TEST  DATA: 

H0=  3.23  ft 
r_=  0.08333  ft 
rw=  0.333  ft 
L  =8.36  ft 


PARAMETER  ESTIMATES: 
K  =4.262  ft/day 
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AQTESOLV  RESULTS 
Version  2.01 

Developed  by  Glenn  M.  Duffield 
(c)  1988-1995  Geraghty  &  Miller,  Inc. 


TEST  DESCRIPTION 


Data  set .  RISEMW09.DAT 

Output  file .  RISEMW09 .  OUT 

Data  set  title .  RISING  HEAD  SLUG  TEST  MW09 

Company . . PARSONS  ENGINEERING  SCIENCE 

Project .  725522.04000 

client .  MYRTLE  BEACH  AFB 

Location. . . MW09 

Test  date . AUGUST  14,  1995 


Units  of  Measurement 


Length .  ft 

Time . min 


Test  Well  Data 

Initial  displacement  in  well . 

Radius  of  well  casing . 

Radius  of  wellbore . 

Aquifer  saturated  thickness . 

Well  screen  length . 

Static  height  of  water  in  well... 

Gravel  pack  porosity . 

Effective  well  casing  radius . 

Effective  wellbore  radius . 

Log (Re/Rw) . 

Constants  A,  B  and  C . 

No.  of  observations . 


3.23 

0.08333 

0.333 

8.36 

8.36 

8.36 

0.3 

0.1953 

0.333 

2.418 

0.000  ,  0.000,  1.817 

185 


ANALYTICAL  METHOD 

Bouwer-Rice  (Unconfined  Aquifer  Slug  Test) 


RESULTS  FROM  STATISTICAL  CURVE  MATCHING 


STATISTICAL  MATCH  PARAMETER  ESTIMATES 

Estimate  Std.  Error 

K  =  4 . 2  616E+000  +/-  1.1800E-001  ft/day 

y0  =  2.1009E— 001  +/-  6 . 0956E-003  ft 


ANALYSIS  OF  MODEL  RESIDUALS 


residual  =  observed  -  calculated 


weighted  residual  =  residual  *  weight 
■eighted  Residual  Statistics: 


Number  of  residuals .  21 

Number  of  estimated  parameters. ...  2 

Degrees  of  freedom .  19 

Residual  mean .  0.0003877 

Residual  standard  deviation .  0.003327 

Residual  variance .  1.107E-005 


lodel  Residuals: 
■  Time 


Observed 


0.132 
0.11 
0.097 
0.085 
0.075 
0.069 
0.063 
0.056 
0.05 
0.047 
0.041 
0.037 
0.034 
0.031 
0.031 
0.028 
0.025 
0.022 
0.022 
0.018 
0.015 


Calculated 

0.12282 

0.11031 

0.099083 

0.088996 

0.079936 

0.071799 

0.064489 

0.057924 

0.052027 

0.046731 

0.041974 

0.037701 

0.033863 

0.030415 

0.027319 

0.024538 

0.02204 

0.019796 

0.017781 

0.015971 

0.014345 


Residual 

0.0091834 

-0.00031356 

-0.0020834 

-0.0039965 

-0.0049365 

-0.0027988 

-0.0014895 

-0.0019243 

-0.0020275 

0.00026902 

-0.00097367 

-0.00070066 

0.00013735 

0.00058464 

0.003681 

0.0034621 

0.0029601 

0.0022038 

0.0042191 

0.0020293 

0.00065512 


Weight 


TOO 
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Version  2.01 
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|  TEST  DESCRIPTION 

Data  set .  FALLMW10.DAT 

Etput  file .  FALLMW10 .  OUT 

ta  set  title .  FALLING  HEAD  SLUG  TEST  MW10 

Company .  PARSONS  ENGINEERING  SCIENCE 

Iroject .  725522.04000 

lient . MYRTLE  BEACH  AFB 

ocation . MW10 

Test  date . AUGUST  14,  1995 

I 

■nits  of  Measurement 

Length .  ft 

■  Time . min 


Test  Well  Data 

I  Initial  displacement  in  well .  4.92 

Radius  of  well  casing .  0.08333 

Radius  of  wellbore .  0.333 

Aquifer  saturated  thickness .  9.65 

I  Well  screen  length .  9.65 

Static  height  of  water  in  well...  9.65 
Gravel  pack  porosity .  0.3 

I  Effective  well  casing  radius .  0.1953 

Effective  wellbore  radius .  0.333 

Log (Re/Rw) .  2.541 

Constants  A,  B  and  C .  0.000  , 

I  No.  of  observations .  190 


0.000,  1.937 


ANALYTICAL  METHOD 


Bouwer-Rice  (Unconfined  Aquifer  Slug  Test) 


RESULTS  FROM  STATISTICAL  CURVE  MATCHING 


■TATISTICAL  MATCH  PARAMETER  ESTIMATES 

I  Estimate  Std.  Error 

K  =  1.817 1E+000  +/-  5 . 8848E-002  ft/day 

y0  =  2 . 9464E-001  +/-  5.4082E-003  ft 


JALYSIS  OF  MODEL  RESIDUALS 


lesidual  =  observed  - 


calculated 


weighted  residual  =  residual  *  weight 


Weighted  Residual  Statistics: 

Number  of  residuals .  16 

Number  of  estimated  parameters....  2 

Degrees  of  freedom .  14 

Residual  mean .  8.984E-005 

Residual  standard  deviation .  0.004644 

Residual  variance .  2.157E-005 


Model  Residuals: 


Time 


1 

1.2 

1.4 
1.6 
1.8 

2 

2.2 

2.4 
2.6 
2.8 

3 

3.2 

3.4 
3.6 
3.8 

4 


Observed 


0.24 

0.221 

0.205 

0.192 

0.183 

0.173 

0.167 

0.158 

0.151 

0.142 

0.139 

0.132 

0.129 

0.123 

0.116 

0.113 


Calculated 


0.22914 

0.2179 

0.20722 

0.19706 

0.18739 

0.1782 

0.16947 

0.16116 

0.15325 

0.14574 

0.13859 

0.13179 

0.12533 

0.11919 

0.11334 

0.10778 


Residual 


0.010859 

0.0030954 

-0.002219 

-0.0050574 

-0.0043942 

-0.0052048 

-0.002466 

-0.0031558 

-0.002253 

-0.0037378 

0.00040883 

0.00020504 

0.003668 

0.003814 

0.0026586 

0.0052166 


Weight 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


RESULTS  FROM  VISUAL  CURVE  MATCHING 


VISUAL  MATCH  PARAMETER  ESTIMATES 
Estimate 

K  =  1.817 1E+000  ft/day 

yO  =  2 . 94  64E-001  ft 
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AQTESOLV  RESULTS 
Version  2.01 

Developed  by  Glenn  M.  Duf field 
(c)  1988-1995  Geraghty  &  Miller,  Inc. 


TEST  DESCRIPTION 


Data  set .  RISEMW10.DAT 

Output  file .  RISEMW10  .  OUT 

Data  set  title . RISING  HEAD  SLUG  TEST  MW10 

Company .  PARSONS  ENGINEERING  SCIENCE 

Project .  725522.04000 

Client . MYRTLE  BEACH  AFB 

Location .  MW10 

Test  date . AUGUST  14,  1995 

Units  of  Measurement 

Length .  ft 

Time . min 


Test  Well  Data 

Initial  displacement  in  well . 

Radius  of  well  casing . 

Radius  of  wellbore . 

Aquifer  saturated  thickness . 

Well  screen  length . 

Static  height  of  water  in  well... 

Gravel  pack  porosity . 

Effective  well  casing  radius . 

Effective  wellbore  radius . 

Log (Re/Rw) . 

Constants  A,  B  and  C . 

No.  of  observations . 


3.572 

0.08333 

0.333 

9.65 

9.65 

9.65 

0.3 

0.1953 

0.333 

2.541 

0.000  ,  0.000,  1.937 

186 


ANALYTICAL  METHOD 

Bouwer-Rice  (Unconfined  Aquifer  Slug  Test) 

RESULTS  FROM  STATISTICAL  CURVE  MATCHING 

STATISTICAL  MATCH  PARAMETER  ESTIMATES 

Estimate  Std.  Error 

K  =  2 . 1556E+000  +/-  3.3180E-002  ft/day 

y0  =  3 . 3 095E-001  +/-  1.8982E-003  ft 

ANALYSIS  OF  MODEL  RESIDUALS 
residual  =  observed  -  calculated 


weighted  residual  =  residual  *  weight 


[sighted  Residual  Statistics: 

'  Number  of  residuals .  51 

Number  of  estimated  parameters ....  2 

[Degrees  of  freedom .  49 

Residual  mean .  0.0002647 

Residual  standard  deviation .  0.005505 

i  Residual  variance .  3.03E-005 


iodel  Residuals: 

I  Time  Observed  Calculated  Residual  Weight 


0.5 

0.293 

0.28511 

0.0078937 

1 

0.5166 

0.29 

0.2837 

0.0063017 

1 

0.5333 

0.287 

0.28229 

0.0047111 

1 

0.55 

0.287 

0.28089 

0.0061135 

1 

0.5666 

0.284 

0.2795 

0.0045007 

1 

0.5833 

0.284 

0.27811 

0.0058893 

1 

0.6 

0.281 

0.27673 

0.0042709 

1 

0.6166 

0.278 

0.27536 

0.0026375 

1 

0.6333 

0.278 

0.27399 

0.0040056 

1 

0.65 

0.274 

0.27263 

0.0013668 

1 

0.6666 

0.274 

0.27129 

0.0027132 

1 

0.6833 

0.271 

0.26994 

0.001061 

1 

0.7 

0.271 

0.2686 

0.002402 

1 

0.7166 

0.268 

0.26727 

0.00072849 

1 

0.7333 

0.268 

0.26594 

0.0020563 

1 

0.75 

0.265 

0.26462 

0.00037755 

1 

0.7666 

0.262 

0.26332 

-0.0013156 

1 

0.7833 

0.262 

0.26201 

-7 . 4532E-006 

1 

0.8 

0.259 

0.26071 

-0.0017058 

1 

0.8166 

0.259 

0.25942 

-0.0004183 

1 

0.8333 

0.259 

0.25813 

0.00087052 

1 

0.85 

0.255 

0.25685 

-0.0018471 

1 

0.8666 

0.255 

0.25558 

-0.00057865 

1 

0.8833 

0.252 

0.25431 

-0.0023089 

1 

0.9 

0.249 

0.25305 

-0.0040455 

1 

0.9166 

0.249 

0.2518 

-0.0027958 

1 

0.9333 

0.249 

0.25054 

-0.0015449 

1 

0.95 

0.246 

0.2493 

-0.0033002 

1 

0.9666 

0.246 

0.24807 

-0.002069 

1 

0.9833 

0.243 

0.24684 

-0.0038366 

1 

1 

0.243 

0.24561 

-0.0026103 

1 

1.2 

0.221 

0.23139 

-0.010389 

1 

1.4 

0.208 

0.21799 

-0.0099908 

1 

1.6 

0.195 

0.20537 

-0.010369 

1 

1.8 

0.183 

0.19348 

-0.010477 

1 

2 

0.173 

0.18227 

-0.0092745 

1 

2.2 

0.164 

0.17172 

-0.0077203 

1 

2.4 

0.154 

0.16178 

-0.0077773 

1 

2.6 

0.148 

0.15241 

-0.00441 

1 

2.8 

0.139 

0.14359 

-0.0045851 

1 

3 

0.132 

0.13527 

-0.0032712 

1 

3.2 

0.129 

0.12744 

0.0015614 

1 

3.4 

0.126 

0.12006 

0.0059404 

1 

3 . 6 

0.12 

0.11311 

0.0068921 

1 

3.8 

0.11 

0.10656 

0.0034414 

1 

»<  * 


4 

0.107 

0.10039 

0.0066114 

1 

4.2 

0.101 

0.094576 

0.0064241 

1 

4.4 

0.094 

0.0891 

0.0049003 

1 

1 

4.6 

0.091 

0.083941 

0.0070594 

1 

■ 

4.8 

0.088 

0.07908 

0.0089197 

1 

5 

0.085 

0.074501 

0.010499 

1 

J 

RESULTS 

FROM  VISUAL  CURVE 

MATCHING 

VISUAL  MATCH  PARAMETER  ESTIMATES 
Estimate 

=  2.1556E+000  ft/day 

=  3 . 3095E-001  ft 
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AQTESOLV  RESULTS 
Version  2.01 

Developed  by  Glenn  M.  Duffield 
(c)  1988-1995  Geraghty  &  Miller,  Inc. 


TEST  DESCRIPTION 


Data  set .  FALLMW11.DAT 

Output  file .  FALLMW1 1 .  OUT 

Data  set  title .  FALLING  HEAD  SLUG  TEST  MW11 

Company .  PARSONS  ENGINEERING  SCIENCE 

Project .  725522.04000 

Client . MYRTLE  BEACH  AFB 

Location . MW11 

Test  date . AUGUST  14,  1995 


Units  of  Measurement 


Length .  ft 

Time . min 


Test  Well  Data 

Initial  displacement  in  well . 

Radius  of  well  casing . 

Radius  of  wellbore . 

Aquifer  saturated  thickness . 

Well  screen  length . 

Static  height  of  water  in  well... 

Gravel  pack  porosity . 

Effective  well  casing  radius . 

Effective  wellbore  radius . 

Log (Re/Rw) . 

Constants  A,  B  and  C . 

No.  of  observations . 


4.36 

0.08333 

0.333 

7.44 

7.44 

7.44 

0.3 

0.1953 

0.333 

2.317 

0.000  ,  0 
188 


000,  1.732 


ANALYTICAL  METHOD 

Bouwer-Rice  (Unconfined  Aquifer  Slug  Test) 


RESULTS 

STATISTICAL  MATCH  PARAMETER 
Estimate 

K  =  5 . 6060E+000  +/- 
y0  =  1 . 2038E-001  +/- 

ANALYSIS  OF  MODEL  RESIDUALS 


FROM  STATISTICAL  CURVE  MATCHING 


ESTIMATES 

Std.  Error 
2 . 4645E-001  ft/day 
4 . 0379E-003  ft 


residual  =  observed  -  calculated 


weighted  residual  =  residual  *  weight 

lighted  Residual  Statistics: 

■  Number  of  residuals .  33 

Number  of  estimated  parameters ....  2 


Degrees  of  freedom .  31 

Residual  mean .  0.0006506 

Residual  standard  deviation .  0.003621 

Residual  variance .  1.311E-005 


lodel  Residuals: 


.me 

Observed 

Calculated 

Residual 

Weight 

0.8 

0.075 

0.071238 

0.0037617 

1 

0.8166 

0.075 

0.070467 

0.004533 

1 

0.8333 

0.072 

0.069699 

0.0023005 

1 

0.85 

0.072 

0.06894 

0.0030597 

1 

0.8666 

0.069 

0.068194 

0.00080611 

1 

0.8833 

0.069 

0.067451 

0.0015489 

1 

0.9 

0.066 

0.066716 

-0.00071646 

1 

0.9166 

0.066 

0.065994 

5 . 8808E-006 

1 

0.9333 

0.066 

0.065275 

0.00072468 

1 

0.95 

0.066 

0.064564 

0.0014357 

1 

0.9666 

0.063 

0.063865 

-0.0008653 

1 

0.9833 

0.063 

0.06317 

-0.00016969 

1 

1 

0.06 

0.062482 

-0.0024817 

1 

1.2 

0.05 

0.054801 

-0.0048014 

1 

1.4 

0.041 

0.048065 

-0.0070652 

1 

1.6 

0.034 

0.042157 

-0.008157 

1 

1.8 

0.034 

0.036975 

-0.002975 

1 

2 

0.028 

0.03243 

-0.00443 

1 

2.2 

0.025 

0.028444 

-0.0034437 

1 

2.4 

0.025 

0.024947 

5 . 2585E-005 

1 

2.6 

0.022 

0.021881 

0.00011913 

1 

2.8 

0.018 

0.019191 

-0.0011913 

1 

3 

0.018 

0.016832 

0.0011677 

1 

3.2 

0.018 

0.014763 

0.0032368 

1 

3.4 

0.015 

0.012949 

0.0020515 

1 

3.6 

0.015 

0.011357 

0.0036431 

1 

3.8 

0.012 

0.0099609 

0.0020391 

1 

4 

0.012 

0.0087365 

0.0032635 

1 

4.2 

0.012 

0.0076626 

0.0043374 

1 

4.4 

0.012 

0.0067207 

0.0052793 

1 

4.6 

0.012 

0.0058946 

0.0061054 

1 

4.8 

0.009 

0.00517 

0.00383 

1 

5 

0.009 

0.0045345 

0.0044655 

1 
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|  TEST  DESCRIPTION 

Data  set .  RISEMW11.DAT 

ttput  file . RISEMW11 .  OUT 

ta  set  title .  RISING  HEAD  SLUG  TEST  MW11 

Company .  PARSONS  ENGINEERING  SCIENCE 

I  project .  725522.04000 

[lient .  MYRTLE  BEACH  AFB 

bcation . MW11 

Test  date . AUGUST  14,  1995 

•nits  of  Measurement 

Length .  ft 

■  Time . min 


Test  Well  Data 

8  Initial  displacement  in  well .  2.872 

Radius  of  well  casing .  0.08333 

Radius  of  wellbore .  0.333 

Aquifer  saturated  thickness .  7.44 

I  Well  screen  length .  7.44 

Static  height  of  water  in  well...  7.44 

Gravel  pack  porosity .  0.3 

I  Effective  well  casing  radius .  0.1953 

Effective  wellbore  radius .  0.333 

Log (Re/Rw) .  2.317 

^  Constants  A,  B  and  C .  0.000  , 

■  No.  of  observations .  183 


0.000,  1.732 


ANALYTICAL  METHOD 


Bouwer-Rice  (Unconfined  Aquifer  Slug  Test) 


RESULTS  FROM  STATISTICAL  CURVE  MATCHING 


■TATISTICAL  MATCH  PARAMETER  ESTIMATES 

•Estimate  Std .  Error 

K  =  4 . 7260E+000  +/-  1.2843E-001  ft/day 

y0  =  1 . 9701E-001  +/-  2 . 5942E-003  ft 


TALYSIS  OF  MODEL  RESIDUALS 


lesidual  =  observed  -  calculated 


weighted  residual  =  residual  *  weight 


Weighted  Residual  Statistics: 

Number  of  residuals .  41 

Number  of  estimated  parameters....  2 

Degrees  of  freedom .  39 

Residual  mean .  0.0002041 

Residual  standard  deviation .  0.003929 

Residual  variance .  1.544E-005 


Model  Residuals: 


Time 

Observed 

Calculated 

Residual 

Weight 

0.5 

0.157 

0.14943 

0.0075726 

1 

0.5166 

0.154 

0.14806 

0.0059376 

1 

0.5333 

0.151 

0.1467 

0.0042984 

1 

0.55 

0.151 

0.14535 

0.0056466 

1 

0.5666 

0.148 

0.14403 

0.0039744 

1 

0.5833 

0.145 

0.1427 

0.0022981 

1 

0.6 

0.145 

0.14139 

0.0036095 

1 

0.6166 

0.142 

0.1401 

0.0019012 

1 

0.6333 

0.138 

0.13881 

-0.0008113 

1 

0.65 

0.138 

0.13754 

0.0004644 

1 

0.6666 

0.135 

0.13628 

-0.0012792 

1 

0.6833 

0.135 

0.13503 

-2 . 6733E-005 

1 

0.7 

0.135 

0.13379 

0.0012142 

1 

0.7166 

0.132 

0.13256 

-0.00056363 

1 

0.7333 

0.132 

0.13135 

0.00065465 

1 

0.75 

0.129 

0.13014 

-0.0011383 

1 

0.7666 

0.129 

0.12895 

5 . 0605E-005 

1 

0.7833 

0.126 

0.12776 

-0.0017643 

1 

0.8 

0.126 

0.12659 

-0.00059015 

1 

0.8166 

0.123 

0.12543 

-0.0024337 

1 

0.8333 

0.123 

0.12428 

-0.0012809 

1 

0.85 

0.12 

0.12314 

-0.0031388 

1 

0.8666 

0.12 

0.12201 

-0.0020139 

1 

0.8833 

0.116 

0.12089 

-0.0048925 

1 

0.9 

0.116 

0.11978 

-0.0037815 

1 

0.9166 

0.116 

0.11869 

-0.0026873 

1 

0.9333 

0.113 

0.1176 

-0.0045965 

1 

0.95 

0.113 

0.11652 

-0.0035158 

1 

0.9666 

0.11 

0.11545 

-0.0054514 

1 

0.9833 

0.11 

0.11439 

-0.0043903 

1 

1 

0.11 

0.11334 

-0.0033391 

1 

1.2 

0.097 

0.10148 

-0.0044751 

1 

1.4 

0.088 

0.090853 

-0.002853 

1 

1.6 

0.078 

0.081343 

-0.0033427 

1 

1.8 

0.072 

0.072828 

-0.00082802 

1 

2 

0.066 

0.065205 

0.0007954 

1 

2.2 

0.06 

0.058379 

0.0016208 

1 

2.4 

0.056 

0.052268 

0.0037318 

1 

2.6 

0.053 

0.046797 

0.0062031 

1 

2.8 

0.05 

0.041898 

0.0081016 

1 

3 

0.047 

0.037513 

0.0094874 

1 

RESULTS  FROM  VISUAL  CURVE  MATCHING 


fSUAL  MATCH  PARAMETER  ESTIMATES 
Estimate 


K  =  4 . 7260E+000  ft/day 

yO  =  1.9701E-001  ft 


10.  15.  20. 
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TEST  DESCRIPTION 


Data  set .  FALLMW13.DAT 

jBitput  file .  FALLMW13  .  OUT 

(ita  set  title .  FALLING  HEAD  SLUG  TEST  MW13 

Company .  PARSONS  ENGINEERING  SCIENCE 

Ioject .  725522.04000 

ient . MYRTLE  BEACH  AFB 

cation . MW13 

Test  date . AUGUST  14,  1995 


wiits  of  Measurement 
Length .  ft 

II  Time . min 

est  Well  Data 

^  Initial  displacement  in  well .  5.6 

I  Radius  of  well  casing .  0.08333 

■  Radius  of  wellbore .  0.333 

Aquifer  saturated  thickness .  7.35 

■  Well  screen  length .  7.35 

Static  height  of  water  in  well...  7.35 
Gravel  pack  porosity .  0.3 

■  Effective  well  casing  radius .  0.1953 

Effective  wellbore  radius .  0.333 

Log(Re/Rw) .  2.306 

Constants  A,  B  and  C .  0.000  , 

■  No.  of  observations .  178 


0.000,  1.724 


ANALYTICAL  METHOD 


Bouwer-Rice  (Unconfined  Aquifer  Slug  Test) 


RESULTS  FROM  STATISTICAL  CURVE  MATCHING 


CATISTICAL  MATCH  PARAMETER  ESTIMATES 

Estimate  Std.  Error 

K  =  6 . 0903E+000  +/-  1.5992E-001  ft/day 

yO  =  2 . 5242E-001  +/-  8.0696E-003  ft 


*ALYSIS  OF  MODEL  RESIDUALS 


isidual  =  observed  -  calculated 


weighted  residual  =  residual  *  weight 


Weighted  Residual  Statistics: 

Number  of  residuals .  21 

Number  of  estimated  parameters....  2 

Degrees  of  freedom .  19 

Residual  mean .  0.0005964 

Residual  standard  deviation .  0.003072 

Residual  variance .  9.437E-006 


Model  Residuals: 

Time  Observed  Calculated  Residual  Weight 


1 

0.132 

0.12447 

0.0075305 

1 

1.2 

0.107 

0.10806 

-0.0010565 

1 

1.4 

0.091 

0.093808 

-0.0028077 

1 

1.6 

0.079 

0.081438 

-0.0024379 

1 

1.8 

0.066 

0.070699 

-0.0046992 

1 

2 

0.06 

0.061377 

-0.0013765 

1 

2.2 

0.05 

0.053283 

-0.0032832 

1 

2.4 

0.047 

0.046257 

0.00074292 

1 

2.6 

0.037 

0.040157 

-0.0031574 

1 

2.8 

0.034 

0.034862 

-0.00086213 

1 

3 

0.031 

0.030265 

0.00073492 

1 

3.2 

0.028 

0.026274 

0.0017258 

1 

3.4 

0.025 

0.02281 

0.0021904 

1 

3.6 

0.022 

0.019802 

0.0021982 

1 

3.8 

0.018 

0.017191 

0.0008093 

1 

4 

0.018 

0.014924 

0.0030761 

1 

4.2 

0.015 

0.012956 

0.0020441 

1 

4.4 

0.015 

0.011248 

0.0037525 

1 

4.6 

0.012 

0.0097644 

0.0022356 

1 

4.8 

0.012 

0.0084768 

0.0035232 

1 

5 

0.009 

0.007359 

0.001641 

1 

RESULTS  FROM  VISUAL  CURVE  MATCHING 


VISUAL  MATCH  PARAMETER  ESTIMATES 
Estimate 

K  =  6 . 0903E+000  ft/day 

y0  =  2 . 5242E-001  ft 
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TEST  DESCRIPTION 

Data  set .  RISEMW13.DAT 

Output  file .  RISEMW13  .  OUT 

Data  set  title .  RISING  HEAD  SLUG  TEST  MW13 

Company .  PARSONS  ENGINEERING  SCIENCE 

Project .  725522.04000 

Client . MYRTLE  BEACH  AFB 

Location . MW13 

Test  date . AUGUST  14,  1995 

Units  of  Measurement 

Length .  ft 

Time . min 


Test  Well  Data 

Initial  displacement  in  well .  3.278 

Radius  of  well  casing .  0.08333 

Radius  of  wellbore .  0.33  3 

Aquifer  saturated  thickness .  7.35 

Well  screen  length .  7.35 

Static  height  of  water  in  well...  7.35 

Gravel  pack  porosity .  0.3 

Effective  well  casing  radius .  0.1953 

Effective  wellbore  radius .  0.333 

Log  (Re/Rw) .  2.306 

Constants  A,  B  and  C .  0.000  , 

No.  of  observations .  206 


0.000,  1.724 


ANALYTICAL  METHOD 


Bouwer-Rice  (Unconfined  Aquifer  Slug  Test) 


RESULTS  FROM  STATISTICAL  CURVE  MATCHING 


STATISTICAL  MATCH  PARAMETER  ESTIMATES 

Estimate  Std.  Error 

K  =  1 . 6118E+000  +/-  8 . 8707E-002  ft/day 

y0  =  1 . 7177E-001  +/-  4 . 8012E-003  ft 


ANALYSIS  OF  MODEL  RESIDUALS 


residual  =  observed  -  calculated 


weighted  residual  =  residual  *  weight 


ighted  Residual  Statistics: 

Number  of  residuals .  21 

Number  of  estimated  parameters....  2 

Degrees  of  freedom .  19 

Residual  mean .  0.0001022 

Residual  standard  deviation .  0.005519 

Residual  variance .  3.046E-005 


rdel  Residuals: 

Time  Observed  Calculated  Residual  Weight 


1 

0.158 

0.14245 

0.015547 

1 

1.2 

0.142 

0.13722 

0.0047794 

1 

1.4 

0.129 

0.13218 

-0.0031803 

1 

1.6 

0.126 

0.12733 

-0.0013251 

1 

1.8 

0.12 

0.12265 

-0.0026482 

1 

2 

0.113 

0.11814 

-0.0051431 

1 

2.2 

0.11 

0.1138 

-0.0038036 

1 

2.4 

0.104 

0.10962 

-0.0056234 

1 

2 . 6 

0.101 

0.1056 

-0.0045967 

1 

2.8 

0.097 

0.10172 

-0.004718 

1 

3 

0.091 

0.097982 

-0.0069817 

1 

3.2 

0.091 

0.094383 

-0.0033827 

1 

3.4 

0.088 

0.090916 

-0.0029159 

1 

3.6 

0.088 

0.087576 

0.00042362 

1 

3.8 

0.085 

0.08436 

0.00064044 

1 

4 

0.085 

0.081261 

0.0037391 

1 

4.2 

0.082 

0.078276 

0.0037239 

1 

4.4 

0.078 

0.075401 

0.0025991 

1 

4.6 

0.078 

0.072631 

0.0053687 

1 

4.8 

0.075 

0.069963 

0.0050366 

1 

5 

0.072 

0.067394 

0.0046065 

1 

RESULTS 

FROM  VISUAL  CURVE  MATCHING 

VISUAL  MATCH  PARAMETER  ESTIMATES 

P  Estimate 

K  =  1 . 6118E+000  ft/day 

B  yO  =  1 . 7177E-001  ft 
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|  TEST  DESCRIPTION 

Data  set .  FALLMW17.DAT 

■utput  file .  FALLMW17  .  OUT 

Bata  set  title .  FALLING  HEAD  SLUG  TEST  MW17 

Company . .  PARSONS  ENGINEERING  SCIENCE 

Iroject .  725522.04000 

lient . MYRTLE  BEACH  AFB 

ocation . MW17 

iest  date. . AUGUST  15,  1995 

nits  of  Measurement 

Length .  ft 

■  Time . min 


Test  Well  Data 

(Initial  displacement  in  well .  5.806 

Radius  of  well  casing .  0.08333 

Radius  of  wellbore .  0.333 

Aquifer  saturated  thickness .  6.79 

■  Well  screen  length .  6.79 

Static  height  of  water  in  well...  6.79 

Gravel  pack  porosity .  0.3 

(Effective  well  casing  radius .  0.1953 

Effective  wellbore  radius .  0.333 

Log (Re/Rw) .  2.238 

_  Constants  A,  B  and  C .  0.000  , 

■  No.  of  observations .  178 


0.000,  1.673 


ANALYTICAL  METHOD 


Bouwer-Rice  (Unconfined  Aquifer  Slug  Test) 


RESULTS  FROM  STATISTICAL  CURVE  MATCHING 


WTATISTICAL  MATCH  PARAMETER  ESTIMATES 

I  Estimate  Std.  Error 

K  =  6 . 6520E+000  +/-  1.9575E-001  ft/day 

yO  =  1 . 4673E-001  +/-  5.3691E-003  ft 


IALYSIS  OF  MODEL  RESIDUALS 


lesidual  =  observed  -  calculated 


weighted  residual  =  residual  *  weight 


Weighted  Residual  Statistics: 

Number  of  residuals .  21 

Number  of  estimated  parameters....  2 

Degrees  of  freedom .  19 

Residual  mean .  0.0003365 

Residual  standard  deviation .  0.001927 

Residual  variance .  3.713E-006 


Model  Residuals: 


Time 


Observed 

Calculated 

Residual 

Weight 

1 

0.075 

0.07034 

0.0046596 

1 

1.2 

0.06 

0.060722 

-0.00072159 

1 

1.4 

0.05 

0.052418 

-0.0024181 

1 

1.6 

0.044 

0.04525 

-0.0012502 

1 

1.8 

0.037 

0.039062 

-0.0020624 

1 

2 

0.031 

0.033721 

-0.0027208 

1 

2.2 

0.028 

0.02911 

-0.0011096 

1 

2.4 

0.025 

0.025129 

-0.00012896 

1 

2.6 

0.022 

0.021693 

0.00030732 

1 

2.8 

0.018 

0.018726 

-0.00072629 

1 

3 

0.018 

0.016166 

0.0018345 

1 

3.2 

0.015 

0.013955 

0.001045 

1 

3.4 

0.012 

0.012047 

-4 . 6682E-005 

1 

3.6 

0.012 

0.010399 

0.0016007 

1 

3.8 

0.012 

0.0089773 

0.0030227 

l 

4 

0.009 

0.0077497 

0.0012503 

1 

4.2 

0.006 

0.0066899 

-0.00068993 

1 

4.4 

0.006 

0.0057751 

0.00022489 

1 

4.6 

0.006 

0.0049854 

0.0010146 

1 

4.8 

0.006 

0.0043037 

0.0016963 

1 

5 

0.006 

0.0037151 

0.0022849 

1 

RESULTS  FROM  VISUAL  CURVE  MATCHING 


VISUAL  MATCH  PARAMETER  ESTIMATES 
Estimate 

K  =  6 . 6520E+000  ft/day 

y0  =  1 . 4673E-001  ft 
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AQTESOLV  RESULTS 
Version  2.01 

Developed  by  Glenn  M.  Duffield 
(c)  1988-1995  Geraghty  &  Miller,  Inc. 


TEST  DESCRIPTION 


Data  set . RISEMW17.DAT 

Output  file .  RISEMW17  .  OUT 

Data  set  title .  RISING  HEAD  SLUG  TEST  MW17 

Company .  PARSONS  ENGINEERING  SCIENCE 

Project .  725522.04000 

client .  MYRTLE  BEACH  AFB 

Location . MW17 

Test  date . AUGUST  15,  1995 

Units  of  Measurement 

Length .  ft 

Time .  min 


Test  Well  Data 

Initial  displacement  in  well . 

Radius  of  well  casing . 

Radius  of  wellbore . 

Aquifer  saturated  thickness . 

Well  screen  length . 

Static  height  of  water  in  well... 

Gravel  pack  porosity . 

Effective  well  casing  radius . 

Effective  wellbore  radius . 

Log (Re/Rw) . 

Constants  A,  B  and  C . 

No.  of  observations . 


3.736 

0.08333 

0.333 

6.79 

6.79 

6.79 

0.3 

0.1953 

0.333 

2.238 

0.000  ,  0.000,  1.673 

185 


ANALYTICAL  METHOD 

Bouwer-Rice  (Unconfined  Aquifer  Slug  Test) 


RESULTS  FROM  STATISTICAL  CURVE  MATCHING 

STATISTICAL  MATCH  PARAMETER  ESTIMATES 

Estimate  Std.  Error 

K  =  4 . 8855E+000  +/-  1.7141E-001  ft/day 

y0  =  1. 9107E-001  +/-  7 . 0476E-003  ft 

ANALYSIS  OF  MODEL  RESIDUALS 
residual  =  observed  -  calculated 


weighted  residual  =  residual  *  weight 

§ighted  Residual  Statistics: 

Number  of  residuals .  21 

Number  of  estimated  parameters. ...  2 

S  Degrees  of  freedom .  19 

■  Residual  mean .  0.0005206 

Residual  standard  deviation .  0.003821 

■  Residual  variance .  1.46E-005 


lodel  Residuals: 


Time 


Observed 


Calculated 


Residual 


Weight 


0.12 

0.11134 

0.0086556 

0.101 

0.099946 

0.0010539 

0.088 

0.089715 

-0.0017146 

0.078 

0.080531 

-0.0025305 

0.069 

0.072287 

-0.0032866 

0.06 

0.064887 

-0.0048867 

0.053 

0.058244 

-0.0052442 

0.05 

0.052282 

-0.0022818 

0.044 

0.04693 

-0.0029297 

0.041 

0.042126 

-0.0011255 

0.037 

0.037813 

-0.00081313 

0.034 

0.033942 

5 . 7793E-005 

0.031 

0.030468 

0.00053245 

0.031 

0.027349 

0.0036514 

0.025 

0.024549 

0.00045108 

0.022 

0.022036 

-3 . 585E-005 

0.025 

0.01978 

0.00522 

0.022 

0.017755 

0.0042448 

0.022 

0.015938 

0.0060624 

0.018 

0.014306 

0.003694 

0.015 

0.012842 

0.0021585 

APPENDIX  E 


SCDHEC  AND  EPA  REGION  3  TIER  1  RISK-BASED  SCREENING  LEVELS 
(RBSLs) /RISK-BASED  CONCENTRATIONS  (RBCs) 


APPENCOV.DOC 


. South  Carolina  —  - 

PHEC 

Department  of  Health  and  Environmental  Control 


RISK-BASED  CORRECTIVE 
ACTION  FOR 
PETROLEUM  RELEASES 


June,  1995 


RTSK-BASED  SCREENING  LEVELS  LOOK-UP  TABLES 


The  RBSL  for  benzene,  toluene,  ethylbenzene,  and  xylenes  in  ground  water  are  based 
upon  the  Maximum  Contaminant  Levels  (MCL)  published  in  the  Environmental  Protection 
Agency  Drinking  Water  Regulations  and  Health  Advisories.  The  RBSL  for  soil  were 
calculated  using  the  teachability  model  included  in  Appendix  B.  Please  note  that  some  of  the 
RBSL  for  the  PAHs  in  soil  and  ground  water  were  adjusted  such  that  they  do  not  exceed 
reporting  levels  that  are  reasonably  obtainable  using  the  equipment  that  it  is  available  to  a 
majority  of  the  certified  laboratories.  Assumptions  for  calculation  of  soil  RBSL  were: 

-  total  organic  carbon:  100  mg/kg 

-  ground-water  recharge  rate:  25  cm/yr 

-  organic/water  partitioning  coefficient:  published  literature 

-  porosity:  for  sandy  soil  -  .47,  for  clay  soil  -  .43 

-  bulk  density:  for  sandy  soil  -  1.55  g/cc,  for  clay  soil  -  1.6  g/cc 

-  hydraulic  conductivity:  1.65  x  10'5  for  clay  soil,  6.9  x  10-4  for  sandy  soil 

-  half-life  biodegradation  rate:  published  literature 

-  residual  water  content:  for  sandy  soil  -  .06,  for  clay  soil  -  .08 

-  wetting  front  section  head:  for  sandy  soil  -  (-10  cm),  for  clay  soil  -  (-30  cm) 

To  account  for  the  immediate  dilution  effect  upon  mixing  of  the  leachate  with  ground 
water,  dilution/attenuation  factors  (DAF)  were  calculated  using  mathematical  modeling  of  simple 
dispersion/dilution  phenomena.  Sites  with  a  lower  hydraulic  conductivity  (clays)  and  higher 
hydraulic  conductivity  (sands)  were  shown  to  have  DAF’s  of  approximately  2  and  8, 
respectively;  therefore,  those  values  were  adopted  as  default  values  used  to  calculate  the  RBSL. 


TABLE  4  -  RBSL’S  FOR  GROUND  WATER 


Chemical  of  Concern 

Concentration  (ug/1) 

Benzene 

5 

Toluene 

1000 

Ethylbenzene 

700 

Xylenes 

10,000 

MTBE 

40 

Naphthalene 

25 

Benzo(a)anthracene 

10 

Benzo(b)fluoranthene 

10 

Benzo(k)fluoranthene 

10 

Chrysene 

10 

Dibenz(a,h)anthracene 

10 

Table  7  RBSLs  for  Inhalation  of  vapors 


coc 

RBSL  (ug/m3) 

Benzene 

.  22 

Toluene 

420 

Ethylbenzene 

1000 

Xylene 

730 

Methyl  Tert-Butyl  Ether 

3100 

Note:  RBSLs  for  the  PAHs  are  not  of  concern  because  of  their  low 

volatility. 


Table  8  RBSLs  for  Ingestion  or  Dermal  Contact  with 

Surficial  Soil 


COC 

Residential 

(mg/kg) 

Commercial 

(mg/kg) 

Benzene 

22 

99 

Toluene 

16,000 

200,000 

Ethylbenzene 

7,800 

100,000 

Xylene 

160,000 

1,000,000 

Methyl  Tert-Butyl  Ether 

390 

5100 

Naphthalene 

3100 

41,000 

Benzo (a) anthracene 

.88 

3.9 

Benzo(b) fluoranthene 

.  88 

3.9 

Benzo (k) fluoranthene 

8.8 

39 

Chrysene 

88 

390 

Dibenz ( a , h) anthracene 

.088 

.39 
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Toxicologist 


Development  of  Risk-Based  Concentrations 


General 


Separate  carcinogenic  and  non-carcinogenic  risk-based  concentrations  were  calculated  for 
eaS  compon“d  &  each  pathway.  Tire  concentration  in  the  table,  ts  the  lower 
rounded  to  two  significant  figures.  The  following  terms  and  values  were  used  in  the 

lations:  /  - 


Exposure  variables  j  ' 

General: 

Carcinogenic  potency  slope  oral  (risk  per  mg/kg/d): 
Carcinogenic  potency  slope  inhaled  (risk  per  mg/kg/d): 
Reference  dose  oral  (mg/kg/d): 

Reference  dose  inhaled  (mg/kg/d): 

Target  cancer  risk: 

Target  hazard  quotient: 

Body  weight,  adult  (kg): 

Body  weight,  age  1-6  (kg): 

Averaging  time  carcinogens  (d): 

Averaging  time  non-carcinogens  (d): 

Inhalation,  adult  (m3/d): 

Inhalation)  child  (m3/d): 

Inhalation  factor,  age-adjusted  (m3-y/kg-d): 

Tap  water  ingestion,  adult  (L/d): 

Tap  water  ingestion,  age  1-6  (L/d): 

Tap  water  ingestion  factor,  age-adjusted  (L-y/kg-d). 
Fish  ingestion  (g/d):  • 

Soil  ingestion,  adult  (mg/d): 

Soil  ingestion,  age  1-6  (mg/d): 

Soil  ingestion  factor,  age  adjusted  (mg-y/kg-d): 
Residential: 

Exposure  frequency  (d/y): 

Exposure  duration,  total  (y): 

Exposure  duration,  age  1-6  (y): 


ISymboj^ 

*  ’ 

CPSo 

* 

CPSi 

* 

RfDo 

* 

RfDi 

le-06 

TR 

1 

THQ 

70 

BWa 

15 

BWc 

25550 

ATc 

•D*365 

ATn 

20 

IRAa 

12 

IRAc 

11.66  : 

IFAadj 

2 

IRWa~ 

1 

IRWc 

1.09  . 

IFWadj 

54 

IRF 

100 

IRSa 

200 

IRSc 

114.29 

IFSadj 

350 

EFr 

30 

EDtot 

6 

EDc 

0.5 

K 
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|  Exposure  variables 
Occupational: 

Exposure  frequency  (d/y): 

Exposure  duration  (y): 

Fraction  of  contaminated  soil  ingested  (unitless) 


I ValuelfSymbol  || 


250 

25 

0.5 


EFo 

EDo 

FC 


*:  Con taminant-spedfic  toxicological  constants.  The  priority  amo 

r  i  :':-T  T T7 :AOnC  /:3 \  .'XJ'C  A  C'T’LAI  f  At-n  n  ::irin  /vfrVlirVrL 

ng  sources  of  tojdcologi(^.l;bpristants;  was  ;ias 
(4)  EPA-NCEA  Superfund  Health  Risk 

follows;;:  :(1)  IRIS , :  WJC'Ao  1  ,;;(A j  1  ..aiiernanye  nieuiua 

Technical  Support  Center,  (5)  withdrawn  from  IRIS  or  HEAST,  a 

nd  (6)  other  EPA  documents.  Each  source 

was  used  only  if  numbers  from  higher-priority  sources  were  unav 

ailable.  The  EPA  Superfund  Health  Risk 
Environm  ental  Assessment  in  Cincinnati, 

diCCilll  1  Cel  1  Upp.O I  ^  :'X N uiL/Ilill;  :  wW  .  XvJl 

develops  provisional  RfDs  and  CPSs  on  request  for  contaminants 

ixiot  -in ^IRISibr 

vAliies :  ^el  i  vis!^  :  iii :  the ;  taBl 

is  ^possible :  they:  m&y : 

the  "E'-  constants  is  importantto  a  Superfund  risk  assessment.rco 

nsider  requesting; through  i a  Region^.; risk. 

assessor,  a  new  provisional  value. 

Age-adjusted  factors 


Because  contact  rates  with  tap  water,  ambient  air,  and  residential  soil  are  different  for 
children  and  adults,  carcinogenic  risks  during  the  first  30  years  of  life  were  calculated  using 
age-adjusted  factors.  These  factors  approximated  the  integrated  exposure  from  birth  until 
age  30  by  combining  contact  rates,  body  weights,  and  exposure  durations  for  two  age  groups 
-  small  children  and  adults.  The  age-adjusted  factor  for  soil  was  obtained  from  RAGS  IB, 
the  others  were  developed  by  analogy. 


Air  inhalation 

IFAadj 


ri-y  EDc  •  IRAc 
kg-d  BWc 


(EDtot-EDd)  •  IRAa 
BWa  . 


Tap  water  ingestion 

IFWadj  - 


EDc  -  IRWc  A 
BWc 


( EDtot  -EDd)  -  IRWc 
BWa 


Soil  ingestion 

«rr  _  BDc-IRSc  „  f  EDtot  - EDd^  -  JRSa 
ESadj  -gc - BWa 


Residential  water 

Volatilization  terms  were  calculated  only  for  compounds  with  a  mark  in  the  VOC  column. 
Compounds  having  a  Henry’s  Law  constant  greater  than  10'5  were  considered  volatile.  The 
list  may  be  incomplete,  but  is  unlikely  to  include  false  positives.  The  equations  and  the 
volatilization  factor  (K,  above)  were  obtained  from  RAGS  IB.  Oral  potency  slopes  and 
reference  doses  were  used  for  both  oral  and  inhaled  exposures  for  volatile  compounds 
lacking  inhalation  values.  Inhaled  potency  slopes  were  substituted  for  unavailable  oral 
potency  slopes  only  for  volatile  compounds;  inhaled  RfDs  were  substituted  for  unavailable 
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oral  RfDs  for  both  volatile  and  non-volatile  compounds.  RBCs  for  carcinogens  were  based 
on  combined  childhood  and  adult  exposure;  for  non-carcinogens  RBCs  were  based  on  adult 

exposure. 

Carcinogens 

TR'  ATc  •  1000 

RBC  =  EFr  '{[K:  IFAadj  •  CPSi\  +  [LtWadj  -  CFSo\  j 


Non-carcinogens 


RBC  Hj-  = 


THQ-  BWa •  ATn;  1000  ^ 

^  '  A  K-  IRAa  '  mm 

EFr  -  EDtot  (  RfDi  RfDo, 


Ambient  air 

Oral  potency  slopes  and  references  were  used  where  inhalation  values  were  not  available. 
RBCs  for  carcinogens  were  based  on  combined  childhood  and  adult  exposure;  for  non¬ 
carcinogens  RBCs  were  based  on  adult  exposure. 


Carcinogens 


77?  -  ATc  •  1000 

RBC^-  EFr-  IFAadj  -T& 


Non-carcinogens 


RBC  ^ 

ITT 


THQ  RfDi  •  BWa •  ATn  •  1000  & 
EFr  •  EDtot  *  IRAa 


Edible  fish 


All  RBCs  were  based  on  adult  exposure. 


Carcinogens 


RBC  = 

kg 


EFr  ■  EDtot 


TR ■  BWa •  ATc 

TRF^ 


1000  i 


CPSo 


Non-carcinogens 


RBC  ^ 

kg 


THQ  RfDo  *  BWa ■  ATn 
IRF 

EFr  ■  EDtot  ■ 

100°  JL 
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Commercial/industrial  soil  ingestion 

RBCs  were  based  on  adult  occupational  exposure,  including  an  assumption  that  only  50% 
of  total  soil  ingestion  is  work-related. , 


Carcinogens 

RBC  &  = 

kg 


_ TR  BWa  ATc 

EFo-  EDo •  IRf-—  •  EC-  CPSo 
10 6  -3? 

kg 


Non-carcinogens 


RBC  BS  = 

kg  . 


THQ-  RfDo  •  BWa-  ATn 


EFo  •  EDo  • 


JRSa 

10 6  & 
kg 


Residential  soil  ingestion 

RBCs  for  carcinogens  were  based  on  combined  childhood  and  adult  exposure;  RBCs  for 
non-carcinogens  were  based  on  childhood  exposure  only. 


Development  of  Soil  Screening  Levels 

General 

In  December  1994  the  EPA  Office  of  Solid  Waste  and  Emergency  Response  proposed  Soil 

Screening  Guidance  (Document 9355.4-l,PB95-963530,EPA540/R-94/101,  available  through 

NTIS  at  703-487-4650).  This  draft  document  provides  (1)  a  framework  in  which  soil 
screening  levels  are  to  be  used,  .  (2)  a  detailed  methodology  for  calculating  soil  screening 
levels,  and  (3)  soil  screening  levels  for  107  substances. 

Consistent  with  this  new  guidance,  the  risk-based  concentration  table  now  includes  two 
columns  of  generic  soil  screening  levels  (SSLs).  OSWER’s  107  proposed  soil  screening 
levels  have  been  added,  verbatim.  In  addition,  the  proposed  SSL  methodology  has.  een 
used  to  calculate  soil  screening  levels  for  more  substances,  which  are  also  included  m  the 
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new  table.  The  table  clearly  distinguishes  the  OSWER  SSLs  from  the  "unofficial"  ones. 

These  SSLs  provide  reasonable  maximum  estimates  of  transfers  of  contaminants  from  soil 
to  other  media.  One  column  contains  soil  concentrations  protective  of  groundwater  quality; 
the  other  contains  soil  concentrations  protective  of  air  quality.  Protective  is  defined  in  the 
same  terms  as  the  risk-based  concentrations  for  tap  water  and  air  -  that  residential  contact 
scenarios  will  yield  a  fixed  upper  bound  risk  of  10  or  a  fixed  hazard  quotient  of  1 
(whichever  occurs  at  the  lower  concentration).  .  .  - 

OSWER’ s  SSLs  should  be  used  only  within  the  framework  proposed  in  the  guidance  document. 
;  The  additional  SSLs  included  in  the  RBC  table  are  intended  for  the  same  uses  (although  they 

obviously  carry  less  weight  than  the  formally  proposed  numbers). 

The  SSLs  are  based  on  the  following  assumptions: 


•Input  va iriab  1  • 

iSymbol^ 

Surface  soil  moisture  content  (g/g)  t 

0.1 

w,  . 

Vadose  zone  soil  moisture  content  (kg/kg) 

0.2 

wv  . 

Surface  soil  bulk  density  (g/cm3) 

1.5 

pb. 

Vadose  zone  soil  bulk  density  (kg/L) 

1.5 

Pbv 

Surface  soil  particle  density  (g/cm3) 

2.65 

p- 

Vadose  zone  soil  particle  density  (g/cm3) 

2.65 

Psv 

Total  surface  soil  porosity  (L  pore  [L  soil) 

0.43 

Ns 

Total  vadose  zone  soil  porosity  (L  pore/L  soil) 

0.43 

Nv 

Air-filled  surface  soil  porosity  (L  air/L  soil) 

0.28 

8* 

Water-filled  surface  soil  porosity  (L  water/L  soil) 

0.15 

6„ 

Air-filled  vadose  zone  soil  porosity.  (L  air/L  soil) 

0.13 

8„ 

Water-filled  vadose  zone  soil  porosity  (L  water/L  soil) 

0.30 

0WV 

Organic  carbon  fraction  of  surface  soil  (g/g) 

Organic  carbon  fraction  of  vadose  zone  soil  (g/g) 

0.006 

0.002 

FOC, 

FOCv' 

Dispersion  factor  for  0.5  acres  (g/m2s  per  kg/m3) 

Particulate  emission  factor  (m3/kg) 

35.1 

6.79e+08 

fl  Cfla  tflQ 

Q/C 

PEF 

T 

Exposure  interval  (s) 

Dilution-attenuation  factor  (unitless) 

y.jue+uo 

•  10 

X 

DAF 

Symbols;  were:  adjusted,:  variables;  were  reaiTangedy.ap(^.de 

ifiyed  and  chemical-s 
es  iri  a  single  table  u 

pecificvariableswerebmittyd 

sing  the  same  terms  as  in  the 

for  simplicity  and  clanty.  rresentanon  ox  uic  uipuu. 
OSWER  SSL  document  would  have  been  confusing;  The  t 
and  can  easily  be  compared  with  the  SSL  guidance  docun 

erms:  used  here  are.  g 
lent*,  w  - : 

ene rally  similar  to  OS WER% 

With  two  exceptions  described  in  the  following  section,  SSL  calculations  were  based  on  he 
same  algorithms  presented  in  the  OSWER  draft  SSL  guidance  document.  For  details  of  the 
calculations  (and  for  general  background  information  on  SSLs),  I  strongly  recommend 
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consulting  that  document.  The  "unofficial"- SSLs  were  developed  under  the  following 
conditions: 


Soil  Screening  Levels  for  Inhalation 

Inhaled  reference  doses  and  potency  slopes  were  used  if  available.  If  inhalation  values  were 
not  available,  oral  RfDs  and  potency  slopes  were  substituted.  SSLs  were  calculated  only  for 
substances  for  which  aqueous  solubility,  Koc,  Henry’s  Law  constant,  and  diffusivity  in  air 
were  available.  SSLs  were  calculated  only  for  substances  for  which  a  volatilization  factor 
could  be  calculated.  This  was  done  because  OSWER’s  large  proposed  particulate  emission 
factor  rendered  it  pointless  to  estimate  SSLs  for  particulate  emissions  alone.  The  final 
calculated  SSL  shown  in  the  RBC  table  is  the  smaller  of  the  risk-based  SSL  arid  the  soil  • 
saturation  .concentration.  All  calculated  SSLs  were  rounded  to  2  significant  figures. 

The  OSWER  risk  algorithms  for  inhalation  were  revised  in  order  to  be  consistent  with  the 
rest  of  the  RBC  table.  Only  calculated  SSLs  were  affected  by  this;  SSLs  proposed  by 
OSWER  are  presented  verbatim.  Calculated  SSL^s  for  inhalation  of  carcinogens  were  based 
on  an  integrated  lifetime  exposure  rather  than  adult  exposure.  SSLs  for  inhalation  of 
noncarcinogens  were  based  on  adult  exposure  for  350  days  per  year  rather  than  365  days  per 
year.  The  following  algorithms  were  used  to  calculate  inhalation  SSLs: 


Non-carcinogens 


SSL  &  = 

kg 


THQ  •  BWa*  ATn  •  RIDi 
EFr  ■  EDtot  -IRA*  ■  I-L.+  -^j 


Soil  Screening  Levels  for  Groundwater  Use 

All  algorithms  were  as  proposed  by  OSWER.  MCLs  were  used  as  target  groundwater 
concentrations  if  available.  If  MCLs  were  unavailable  the  risk-based  concentration  in  the 
"tap  water"  column  of  the  RBC  table  was  used  as  the  target  groundwater  concentration.  All 
SSLs  for  groundwater  are  based  on  a  dilution-attenuation  factor  (DAF)  of  10.  Since  these 
SSLs  scale  linearly  with  DAF,  the  SSLs  for  DAF=1  would  be  ten  times  lower.  They  were 
omitted  to  coriserve  space.  All  groundwater  SSLs  were  rounded  to  2  significant  figures  and 
capped  at  unity.  .  .  • 
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It  has  been  NCEA’s  policy  to  deny  requests  for  documentation  of  interim  toxicity 
constants.  Although  Region  3  has  sometimes  provided  this  documentation  on  request,  for  the 
above-stated  reasons  .we  have  no  assurance  that  the  documentation,  or  even  the  interim  numbers, 
are  current.  We’ve  decided  to  discontinue  distributing  information  that  may  be  misleading.  If 
one  of  the  "E"-coded  contaminants  is  a  major  risk  contributor  at  your  site,  we  strongly  suggest 
that  you  work  with  EPA  to  develop  an  up-to-date  reference  dose  or  slope  factor. 

Changes  in  This  Issue  of  the  RBC  Table 

New  or  revised  EPA  toxicity  constants  are  now  marked  with  "**"  before  the  contaminant 
name.  This  is  to  help  users  quickly  pick  out  substances  with  new  RBCs. .  Formerly  these 
contaminants  were  printed  in  underlined  boldface  type  that  copied  badly.  A  new  basis  code,  M 
for  MCL,  has  been i’  added  to  the  upper  right  comer  of  each  page.  c.This  code  denotes  soil 
screening  levels  for' groundwater  protection  that  are  based  on  EPA  Maximum  Contaminant 

Levels.  -  ... •  :  •  '  . 

/  *  f 

If  you  want  to  raise  issues  or  get  answers  to  questions  about  the  RBC  table,  please  call 
the  Technical  Support  Help  Line  at  215-597-1 1 16.  The  line  has  a  voice  mail  system  to  take  your 
calls  if  we’re  not  available.  We’ll  return  your  call  as  soon  as  we  can.  Please  limit  calls  to  RBC 
issues;  if  you  have  a  question  about  applying  RBCs  to  a  site,  please  call  the  EPA  Regional  office 
handling  the  project.  Thanks  for  your  help  and  cooperation,  and  we  hope  the  RBC  table 
continues  to  be  a  useful  resource. 
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APPENDIX  F 


FATE  AND  TRANSPORT  MODEL  CALCULATIONS  AND  BIOPLUME  II 

INPUT/OUTPUT  FILES 


APPENCOV.DOC 


THERMODYNAMIC  REACTIONS 


APPENCOV.DOC 


APPENDIX  F 


Corrective  Action  Plan 
Risk-Based  Approach  to  Remediation 
MOGAS  Site ,  Myrtle  Beach  AFB,  South  Carolina 


Electron  Donor  and  Electron  Acceptor  Half  Cell  Reactions 


HALF-CELL  REACTIONS 

AG°r 

(kcal/^ 

equiv) 

AG°r 

(kJ/# 

equiv) 

E° 

(V) 

Eh 

(V) 

pe 

Conditions 
for  Eh  and  pe  § 

ELECTRON-ACCEPTOR  (REDUCTION)  HALF  CELL 

REACTIONS 

5e  +  6H*  +  NO,'  =>  0.5N2  +  3H20 

Denitrification 

-28.7 

-120. 

+  1.24 

+0.708 

+  12.0 

pH  =7 

E[N]  =  10'3 

4e  +  4H+  +  02=>  2H20 

Aerobic  Respiration 

-28.3 

-119. 

+  1.23 

+0.805 

+  13.6 

pH  =  7 

Po  =0.21  atm 

i 

2e  +  4H*  +  MnO,  =>Mn2+  +  2H20 

Pyrolusite  Dissolution/Reduction 

-28.3 

-119 

+  1.23 

+0.550 

+9.27 

pH  =  7 

E[Mn]  =  10'5 

\  CO,  +  e  +  H*  +  MnOOH  MnCO ,  +  H,0 

a  Manganite  Carbonation/Reduction 

-23.1 

-96.8 

+  1.00 

+0.408 

+6.90 

pH  =  8 
PCo^=102 

e  +  H+  +  MnO,  =>  MnOOH 

Pyrolusite  Hydrolysis/Reduction 

-22.1 

-92.5 

+0.959 

+0.545 

+9.21 

pH  =  7 

e  +  3H*  +  Fe(OH)t  =>Fe2+  +  2H,0 

Amorphous  " Goethite "  Dissolution/Reduction 

-21.5 

-89.9 

+0.932 

+0.163 

+2.75 

pH  =  6 

E[Fe]  =  10'5 

8e  +  10H+  +  N0'3=>NH*4  +  3H20 

Nitrate  Reduction 

-20.3 

-84.9 

+0.879 

+0.362 

+6.12 

pH  =  7 

2e  +  2H*  +  NO' 3  =>N0'2  +  Hfi 

Nitrate  Reduction 

-18.9 

-78.9 

+0.819 

+0.404 

+6.82 

pH  -  7 

e  +  3H*  +  FeOOH  =>  Fe2*  +  2H,0 
" Ferric  oxyhydroxide "  Dissolution/Reduction 

-15.0 

-62.9 

+0.652 

-0.118 

-1.99 

pH  =  6 

E  [Fe]  =  10‘5 

e  +  3H+  +  Fe(OH),  r,,„  =>Fe2+  +  3H,0 

Crystallized  "Goethite” Dissolution/Reduction 

-11.8 

-49.2 

+0.510 

-0.259 

-4.38 

pH  =  6 

E  [Fe]  =  10's 

e  +  H+  +  C02g  +  FeMibamrH  =>FeCO ,  +  2H20 
Amorphous  " Goethite  ”  Carbonation/Reduction 

-11.0 

-46.2 

+0.479 

-0.113 

-1.90 

pH  =  8 

P^o^  =10  atm 

8e  +  9H*  +  SO2' 4  =>  HS  +  4H20 

Sulfate  Reduction 

-5.74 

-24.0 

+0.249 

-0.278 

-4.70 

pH  =  8 

8e'  +  10H*  +  S02'4=>H2f  +  4H20 

Sulfate  Reduction 

-6.93 

-28.9 

+0.301 

-0.143 

-2.42 

pH  =  6 

8e  +  8H+  +  C02.  g  =>  CH4  t  +  2H20 

Methanogenesis 

-3.91 

-16.4 

+0.169 

-0.259 

-4.39 

pH  =  7 
Pco2=10'2 

PCH  =  10° 

_ _i - 1 

i 

1 
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HALF-CELL  REACTIONS 

AG°r 

(kcal/^ 

equiv) 

AG°r 
(kJ /  # 
equiv)* 

E° 

(V) 

Eh 

(V) 

pe 

Conditions 
for  Eh  and  pe  § 

ELECTRON-DONOR  (OXIDATION)  HALF  CELL  REACTIONS 

I2H2Q  +  C$l6  =>  6C02  +  30H+  +  30e 

Benzene  Oxidation 

+2.83 

+  11.8 

-0.122 

+0.316 

+  5.34 

H 

14H20  +  C6HsCH3  =>  7C02  +  36H +  +  36e 

Toluene  Oxidation 

+2.96 

+  12.4 

-0.128 

+0.309 

+  5.22 

■m 

I6H2P  +  C^sC2Hs  =>  8C02  +  42H*  +  42e 

Ethylbenzene  Oxidation 

+2.96 

+  12.4 

-0.128 

+0.309 

+  5.21 

pH  =  7 
PCo2=10-2 

I6H2O  +  C6H4(CH3)2  =•  SCO2  +  42  H+  +  42  e 
m-Xylene  Oxidation 

+  3.02 

+  12.7 

+0.131 

-0.305 

-5.88 

pH  =  7 

Pco2=102 

20H2O  +  Cl0Hs  =>  10CO2  +  48H*  +  48e 

Naphthalene  Oxidation 

+2.98 

+  12.5 

jgjlljj 

+0.309 

+5.22 

| 

18H20  +  Cffl3(CH3)3  =>  9C02  +  48H+  +  48e 

1, 3,5-Trimethylbenzene  Oxidation 

+  3.07 

+  12.8 

+0.303 

+  5.12 

18H20  +  CJi3(CH3)3  =>  9C02  +  48H+  +  48e 

1, 2,4-Trimethylbenzene  Oxidation 

+  3.07 

+  12.9 

+0.302 

+5.11 

*** 

12H20  +  CMCl  6C02  +  29H+  +  28e  +  Cf 
Chlorobenzene  Oxidation 

+2.21 

+9.26 

+0.358 

+  6.05 

umm 

NOTES: 


*  =  AG°r  for  half  cell  reaction  as  shown  divided  by  the  number  of  electrons  involved  in  reaction. 

§  =  Conditions  assumed  for  the  calculation  of  Eh  and  pe  (pe  =  Eh/0.05916).  Where  two  dissolved  species  are  involved,  other 
than  those  mentioned  in  this  column,  their  activities  are  taken  as  equal.  Note,  this  does  not  affect  the  free  energy  values 
listed. 

a  =  E°  calculated  using  the  following  equation;  E°  -  AG°r(J/nF)  *  1.0365xl0'5  (VF/J)  from  Stumm  and  Morgan,  1981 
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Coupled  Oxidation  Reactions 


Coupled  Benzene  Oxidation  Reactions 

AG°r 

(kcal/mole 

Benzene) 

AG°r 

(kJ/mole 

Benzene) 

Stoichiometric  Mass  Ratio 
of  Electron  Acceptor  to 
Compound 

7.502  +  C6H6  =>  6C02.g  +  3H20 

Benzene  oxidation  /aerobic  respiration 

-765.34 

-3202 

3.07:1 

6NO3  +  6H+  +  CdHs  =>  6C02.g  +6H20  +  3N2,g 

Benzene  oxidation  /  denitrification 

-115.15 

-3245 

4.77:1 

30 H+  +  15Mn02  +  C6H6  =>  6C02lg  +15Mn2+  +  18H20 

Benzene  oxidation  /  manganese  reduction 

-765.45 

-3202 

10.56:1 

3.75  N03‘  +  CfrHe  +  7.5  H+  +  0.75  H20  =>  6  C02  +  3.75  NH4+ 
Benzene  oxidation  /  nitrate  reduction 

-524.1 

-2193 

2.98:1 

60H+  +  30Fe(OH)3a  +  C6H6  =>  6C02  +  30Fe2+  +78H20 
Benzene  oxidation  /  iron  reduction 

-560.10 

-2343 

21.5:1 

7.5  H+  +  3 75 SO2/  +  C6He  =>  6C02,g  +  375h2S°  +  3H20 

Benzene  oxidation  /  sulfate  reduction 

-122.93 

-514.3 

4.61:1 

4.5 H20  +  C6H6=>  2.25C02,g  +  3.75 CH4 

Benzene  oxidation  /  methanogenesis 

-32.40 

-135.6 

0.77:1 

Coupled  Toluene  Oxidation  Reactions 

AG°r 

(kcal/mole 

Toluene) 

AG°r 

(kJ/mole 

Toluene) 

Stoichiometric  Mass  Ratio 

of  Electron  Acceptor  to 
Compound 

902  +  CsHsCHi  =>  7 CO2.1t  +  4HiO 

Toluene  oxidation  /aerobic  respiration 

-913.76 

-3823 

3.13:1 

7.2 NO")  +7.2H*  +  CeHsCHj  =>  7 C02.%  +  7.6H20  +  3.6Nts 

Toluene  oxidation  /  denitrification 

-926.31 

-3875 

4.85:1 

36 H*  +  ISMnOi  +  CsHsCH,  =>  7COlg  +18Mn2*  +  22HiO 
Toluene  oxidation  /  manganese  reduction 

-913.89 

-3824 

10.74:1 

72H*  +  36Fe(OH)la  +  C6HSCH3  =>  7COz  +  36Fe2*  +  94H20 
Toluene  oxidation  /  iron  reduction 

-667.21 

-2792 

21.86:1 

9H*  +  4.5 SOi'  +  CcHsCHi  =>  7C02.*  +4.5H2S°  +  4H20 
Toluene  oxidation  /  sulfate  reduction 

-142.86 

-597.7 

4.7:1 

5H20  +  CeHsCHi  =>  2.5C02fg  +  4.5CH4 

Toluene  oxidation  /  methanogenesis 

-34.08 

-142.6 

0.78:1 

Coupled  Ethylbenzene  Oxidation  reactions 

AG°r 

kcal/mole 

Ethylbenzene 

AG°r 

kJ/mole 

Ethylbenzene 

Stoichiometric  Mass  Ratio 
of  Electron  Acceptor  to 
Compound 

10.5Oz  +  CeHsCzHs  =>  8C02.g  +  5H20 

Ethylbenzene  oxidation  /aerobic  respiration 

-1066.13 

-4461 

3.17:1 

8.4NOi  +  8.4 H*  +  C6H5C2Hs  =>  8C02.g  +  9.2H20  +  4.2N2.g 

Ethylbenzene  oxidation  /  denitrification 

-1080.76 

-4522 

4.92:1 

46 H*  +  22Mn02  +  CsHsCzH,  =>  8C02.g  +22Mn 2+  +  28H20 
Ethylbenzene  oxidation  /  manganese  reduction 

-1066.27 

-4461 

11.39:1 

84 H*  +  42Fe(OH) 3a  +  C6H5C2Hs  =>  8C02  +  42 Fe2*  +  U0H2O 
Ethylbenzene  oxidation  /  iron  reduction 

-778.48 

-3257 

22.0:1 

10.5 H*  +  5.25 SO2'  +  C6HsC2Hs  =>  8C02.g  +5.25H2S°  +5H20 
Ethylbenzene  oxidation  /  sulfate  reduction 

-166.75 

-697.7 

4.75:1 

5.5 HzO  +  CsHsCzHs  =>  2.75C02.g  +5.25CH4 

Ethylbenzene  oxidation  /  methanogenesis 

-39.83 

-166.7 

0.79:1 

k:\myrtle\tables\appendxf.doc 


Coupled  m-Xylene  Oxidation  Reactions 

AG°r 

(kcal/mole 

w-xylene) 

AG°r 

(kJ/mole 

m-xylene) 

Stoichiometric  Mass  Ratio 
of  Electron  Acceptor  to 
Compound 

10.5  Oz  +  CiHt(CHi)z  =>  8COz.t  +  SHzO 
m-Xylene  oxidation  /aerobic  respiration 

-1063.25 

-4448 

3.17:1 

8.4NO >  +  8.4 W  +  CtHACHslz  =>  8COlg  +  9.2H20  +  4.2  N2s 
m-Xylene  oxidation  /  denitrification 

-1077.81 

-4509 

4.92:1 

46 H*  +22MnOz  +  C6H4(CH3)2=>  8C0ts  +22Mn 2*  +28H20 
m-Xylene  oxidation  /  manganese  reduction 

-1063.39 

-4449 

11.39:1 

84 H+  +  42Fe(OH) Ja  +  C6H4(CH3)2  =>  8COz  +  42Fe2*  +  UOHzO 

m-Xylene  oxidation  /  iron  reduction 

-775.61 

-3245 

22:1 

10.5 H*  +  5.25  SO2/  +  CtHt{GHi)z  =>  8C0z.t  +  5.25HiS°  +  5H20 
m-Xylene  oxidation  / sulfate  reduction 

-163.87 

-685.6 

4.75:1 

S.SHzO  +  CtHACHslz  =>  2.75C02.t  +  5.25  CH4 

m-Xylene  oxidation  /  methanogenesis 

-36.95 

-154.6 

0.79:1  " 

Coupled  Naphthalene  Oxidation  Reactions 

AG°r 

(kcal/mole 

naphthalene) 

AG°r 

(kJ/mole 

naphthalene) 

Stoichiometric  Mass  Ratio 
of  Electron  Acceptor  to 
Compound 

120 2  +  C„Hs=>  10CO2+  4H20 

Naphthalene  oxidation  /aerobic  respiration 

-1217.40 

-5094 

3.00:1 

9.6NO i  +  9.6H*  +  C toll  a  =>  1 0CO2  +  8.8H/>  +  4.8NU 

Naphthalene  oxidation  /  denitrification 

-1234.04 

-5163 

4.65:1 

24Mn02  +  48H +  +  CI0HS  =o  10CO2  +  24Mn2*+  28H jO 

Naphthalene  oxidation  /  manganese  reduction 

-1217.57 

-5094 

16.31:1 

48Fe(OH)la  +  96H+  +  CloHs=>10C02  +  48Fe2'+  124HJO 
Naphthalene  oxidation  /  iron  reduction 

-932.64 

-3902 

40.13:1 

6S04'+  12H*  +  CioHs  =>  10CO2  +  +  4NJD 

Naphthalene  oxidation  /  sulfate  reduction 

-196.98 

-824.2 

4.50:1 

8H20  +  C10Hs  4C02  +  6CH< 

Naphthalene  oxidation  /  methanogenesis 

-44.49 

-186.1 

1.13:1 

Coupled  1,3,5-Trimethylbenzene  Oxidation  Reactions 

AG°r 

(kcal/mole 

1,3,5-TMB) 

AG°r 

(kJ/mole 

1,3,5-TMB) 

Stoichiometric  Mass  Ratio 
of  Electron  Acceptor  to 
Compound 

120 2  +  C$l3(CH3)3^9C02  +  6H20 

1,3,5-Trimethylbenzene  oxidation  /aerobic  respiration 

-1213.29 

-5076 

3.20:1 

9.6NO3  +  9.6H+  +  C/i3(CH3)3  =>9COi  +  1 0.8HJD  +  4.8Nlf 

1 ,3,5-Trimethylbenzene  oxidation  /  denitrification 

-1229.93 

-5146 

4.96:1 

24Mn02  +  48H*  +  C/l/CHj)]  =>9C02  +  3  ON/)  +  24h1n' 
1,3,5-Trimethylbenzene  oxidation / manganese  reduction 

-1213.46 

-5077 

17.40:1 

48Fe(OH)u  +  96H *  +  CJ13(CH3)3  =>9CO}  +  48Fe2'  +  126H20 

1 ,3,5-Trimethylbenzene  oxidation / iron  reduction 

-928.53 

-3885 

42.80:1 

6S042'  +  12  H+  +  C/l/CHfij  =>  9C02  +  6H/J  +  6H2S’ 

1 ,3,5-Trimethylbenzene  oxidation  /  sulfate  reduction 

-192.87 

-807.0 

4.80:1 

6H20  +  C(J13(CH3)3  =>  3C02  +  6CH4 

1 ,3 ,5-Trimethylbenzene  oxidation  /  methanogenesis 

-40.39 

-169.0 

0.90:1 
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Gibbs  Free  Energy  of  Formation  for  Species  used  in  Half-Cell  reactions 
and  Coupled  Oxidation-Reduction  Reactions 


Species 

State 

AG°f,298.1S 

(kcal/mole) 

Source 

e' 

i 

0 

std 

i  H+ 

i 

0 

std 

_ 22 _ 

g 

0 

std 

h2o 

1 

-56.687 

Dean  (1972) 

1  Carbon  Species  || 

C02 

g 

-94.26 

Dean  (1972) 

CH20,  formalydehyde 

aq 

-31.02 

Dean  (1972) 

1 

+29.72 

Dean  (1972) 

CH4,  methane 

_  g 

-12.15 

Dean  (1972) 

CfiH^CH^,  toluene 

1 

+27.19 

Dean  (1972) 

ethylbenzene 

1 

+28.61 

Dean  (1972) 

CfiH4(CH3)2,  o-xylene 

1 

+26.37 

Dean  (1972) 

C6H4(CH^)2,  m-xylene 

1 

+25.73 

Dean  (1972) 

1 

+26.31 

|  C2C14,  PCE 

1 

+  1.1 

CRC  Handbook  (1990) 

C2HC13,  tce 

1 

+2.9 

CRC  Handbook  (1990) 

C2H2C12,  c-DCE 

1 

+5.27 

CRC  Handbook  (1990) 

C2H4,  ethene 

g 

+  16.28 

CRC  Handbook  (1990) 

CioH8,  naphthalene 

1 

+48.05 

Dean  (1972) 

CfiH3(CH3)3,  1,3,5-TMB 

1 

+24.83 

1 

+24.46 

Dean  (1972) 

I  C2H3C1,  vinyl  chloride 

g 

+  12.4 

Dean  (1972)  | 

|  CfiH^CI,  chlorobenzene 

1 

+21.32 

Dean  (1972) 

1 

+  64.12 

Dean  (1972) 

Nitrog 

en  Species 

no3* 

i 

-26.61 

Dean  (1972) 

n2  ..  ..... 

g 

0 

std 

no2; 

i 

-7.7 

Dean  (1972)  ! 

nh4+ 

_ aq _ 

-18.97 

Dean  (1972) 

]  Sulfur  Species  | 

S042’ 

i 

-177.97 

Dean  (1972) 

H2S 

aq 

-6.66 

Dean  (1972) 

h2s 

____  g 

-7.9 

Dean  (1972) 

hs* 

+2.88 

Dean  (1972) 

Iron 

Species 

Fe2+ 

i 

-18.85 

Dean  (1972) 

Ferf 

i 

-1.1 

Dean  (1972) 

Fe203,  hematite 

c 

-177.4 

Dean  (1972) 

FeOOH,  ferric 
oxyhydroxide 

c 

-117.2 

Naumov  et  al.  (1974) 

Fe(OH)3,  goethite 

a 

-167.416 

Langmuir  and  Whittemore 
(1971) 

Fe(OH)3,  goethite 

c 

-177.148 

Langmuir  and  Whittemore 
(1971) 

FeC03,  siderite 

c 

-159.35 

Dean  (1972) 

!  Manganese  Species  || 

Mn2+ 

i 

-54.5 

Dean  (1972)  || 

Mn02,  pyrolusite 

c 

-111.18 

MnOOH,  manganite 

c 

-133.29 

Stumm  and  Morgan  (1981) 

MnCQ3>  rhodochrosite 

_ 2 _ 

-194 

Dean  (1972) 

||  Chloride  Species  1 

1  Cl- 

aq 

-31.37 

Dean  (1972) 
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Coupled  1 ,2,4-Trimethylbenzene  Oxidation  Reactions 

AG°f 

(kcal/mole 

1,2,4-TMB) 

AG°r 

(kJ/moIe 

1,2,4-TMB) 

Stoichiometric  Mass  Ratio 
of  Electron  Acceptor  to 
Compound 

1202  +  C<fi3(CH3)3  =*  SCO ,  +  6lhO 

1 ,2,4-Trimethylbenzene  oxidation  /aerobic  respiration 

-1212.92 

-5075 

3.20:1 

9.6NO}  +  9.6H+  +  C(fl3(CH3)3  =>  9C02  +  10.8H/9  +  4.8Nls 

1,2,4- Trimethylbenzene  oxidation  /  deni trification 

-1229.56 

-5144 

4.96:1 

24MnO?  +  48H+  +  C<fi3(CH3)3  =>  9C02  +  30HJO  +  24Mn2* 

1 ,2,4-Trimethylbenzene  oxidation  / manganese  reduction 

-1213.09 

-5076 

17.4:1 

6S042'  +  12  H+  +  C$i3(CH3)3  =>9CO:  +  6HJD  +  <5ffjS° 

1 ,2,4-Trimethylbenzene  oxidation  /  sulfate  reduction 

-192.50 

-805.4 

4.80:1 

6H20  +  CJi3(CH3)3  =>3C02  +  6CH, 

1, 2, 4-Trimethylbenzene  oxidation  /methanogenesis 

-40.02 

-167.4 

0.90:1 

’  Coupled  Chlorobenzene  Oxidation  Reactions 

AG°r 

(kcal/mole 

Chlorobenzene) 

AG°r 

(kJ/mole 

Chlorobenzene) 

Stoichiometric 
Mass  Ratio  of 
Electron  Acceptor 
to  Compound 

70 2  +  C/flsCl  =>  6C02  +  H*  +  2H20+  Cf 

Chlorobenzene  oxidation  /aerobic  respiration 

-731.62 

-3061 

2.00:1 

5.6N03  +  4.6H+  +  CsHsCl  =>  6C02  +  4.8H20  +  2.8Nlg  +  Cf 
Chlorobenzene  oxidation  /  denitrification 

-741.33 

-3102 

3.10:1 

14MnO?  +  27H+  +  Cfl5Cl  =>  6C02  +  16H20  +  14Mn2+  +  Cr 
Chlorobenzene  oxidation  /  manganese  reduction 

-731.72 

-3062 

10.9:1 

28Fe(OH),„  +  55H*  +  C6H5Cl=>6C02  +  72H20  +  2 8Fe2+  +  Cf 
Chlorobenzene  oxidation  /  iron  reduction 

-565.51 

-2366 

26.8:1 

3.5S02'  +  6H+  +  CfflsCl  =>  6C02  +  2H20  +  3.5H2f  +  Cr 
Chlorobenzene  oxidation  /  sulfate  reduction 

-136.38 

-570.6 

3.00:1 

5H20  +  C(HsCl  =>  2.5C02  +  3.5CH4  +  H*  +  Cf 

Chlorobenzene  oxidation  /  methanogenesis 

-47.43 

-198.4 

0.80:1 

k:\myrtle\tables\appendxf.doc 


NOTES: 


c  =  crystallized  solid 

a  =  amorphous  solid  (may  be  partially  crystallized  -  dependent  on  methods  of  preparation) 
p  =  freshly  precipitated  solid 

i  =  dissociated,  aqueous  ionic  species  (concentration  =  1  m) 
aq  =  undissociated  aqueous  species 
g  =  gaseous 
1  =  liquid 

std  =  accepted  by  convention 

Wherever  possible  multiple  sources  were  consulted  to  eliminate  the  possibility  of  typographical  error. 
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F1.0  OVERVIEW  AND  MODEL  DESCRIPTION 

To  help  estimate  how  dissolved  benzene,  toluene,  ethylbenzene,  and  xylene  (BTEX) 
compounds  will  migrate  in  groundwater  at  the  MOGAS  site  under  the  influence  of 
natural  chemical  attenuation  processes,  a  quantitative  numerical  groundwater  flow  and 
contaminant  transport  model  that  provides  for  in  situ  biodegradation  of  contaminant 
mass  was  used.  The  modeling  effort  was  conducted  as  part  of  the  risk-based  remedial 
evaluation  process  to  identify  the  contaminant  mass  and  concentration  that  would  be 
expected  to  persist  in  impacted  media  over  time.  The  numerical  model  was  developed 
using  site-specific  data  and  conservative  assumptions  about  governing  physical  and 
chemical  processes.  Due  to  the  conservative  nature  of  the  model  input,  the  reduction  in 
contaminant  mass  resulting  from  natural  attenuation  processes  is  expected  to  exceed 
model  predictions. 

The  Bioplume  II  code  was  used  to  estimate  the  nature  and  extent  of  migration  of  an 
indicator  compound,  benzene,  in  groundwater  at  the  MOGAS  site,  accounting  for  the 
effects  of  natural  chemical  attenuation  mechanisms  on  contaminant  mass, 
concentration,  mobility,  and  persistence  (and  therefore,  toxicity).  The  Bioplume  II 
model  incorporates  advection,  dispersion,  sorption,  and  biodegradation  to  simulate 
contaminant  plume  migration  and  attenuation.  The  model  is  based  upon  the  US 
Geological  Survey  Method  of  Characteristics  two-dimensional  (2-D)  solute  transport 
model  of  Konikow  and  Bredehoeft  (1978).  The  model  was  modified  by  researchers  at 
Rice  University  to  include  a  biodegradation  component  that  can  be  activated  by  a 
superimposed  dissolved  oxygen  (DO)  plume.  Based  on  the  work  of  Borden  and 
Bedient  (1986),  the  model  assumes  a  reaction  between  DO  and  BTEX  mass  that  is 
instantaneous  relative  to  the  advective  groundwater  velocity.  Bioplume  II  solves  the 
USGS  2-D  solute  transport  equation  twice,  once  for  total  BTEX  concentrations  in  the 
aquifer  and  once  for  a  DO  plume.  The  two  plumes  are  combined  using  superposition 
at  every  particle  move  to  simulate  the  instantaneous,  biologically-mediated  reaction 
between  total  BTEX  and  DO. 

However,  in  addition  to  oxygen  reduction,  it  has  become  apparent  that  anaerobic 
processes  such  as  denitrification,  manganese  reduction,  ferric  iron  reduction,  sulfate 
reduction,  and  methanogenesis  can  be  important  fuel  hydrocarbon  degradation 
mechanisms  (Grbic  '-Galic ' ,  1990;  Beller  etal.,  1992;  Edwards  et  aL,  1992;  Edwards 
and  Grbic '-Galic',  1992;  Grbic  '-Galic '  and  Vogel,  1987;  Lovley  et  al.,  1989; 
Hutchins,  1991).  Therefore,  sole  reliance  on  DO-activated  degradation  in  the 
numerical  model  may  severely  underestimate  the  effects  of  natural  chemical  attenuation 
processes  on  contaminant  mass,  concentration,  and  mobility  over  time.  To  account  for 
these  substantial  destructive  chemical  attenuation  processes  in  model  simulations,  it  also 
is  possible  to  simulate  both  anaerobic  and  aerobic  contaminant  biodegradation  in 
Bioplume  II  using  a  site-specific  decay  constant.  This  was  the  modeling  approach 
pursued  for  the  MOGAS  site  because  the  site-specific  geochemical  evidence  discussed 
in  Section  6  of  the  Corrective  Action  Plan  (CAP)  suggests  that  anaerobic 
biodegradation  of  fuel  hydrocarbon  compounds  is  occurring  at  the  site  via  ferric  iron 
reduction,  sulfate  reduction,  and  methanogenesis.  By  basing  the  decay  constant  on  site- 
specific  data  and  observed  chemical  attenuation  at  the  field  scale,  the  numerical  model 
accounts  for  the  limiting  effects  of  mass  transfer,  mixing,  and  biodegradation  kinetics 
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on  contaminant  mass  loss  estimates.  The  following  subsections  discuss  this  approach 
and  other  model  input  parameters,  model  assumptions,  model  calibration,  and  the 
simulation  results  in  further  detail. 

F2.0  CONCEPTUAL  MODEL  DESIGN  AND  ASSUMPTIONS 

Prior  to  developing  a  groundwater  model,  it  is  important  to  determine  if  sufficient 
data  are  available  to  provide  a  reasonable  estimate  of  aquifer  conditions.  In  addition,  it 
is  important  to  ensure  that  any  limiting  assumptions  can  be  justified.  Data  and 
information  presented  in  CAP  Section  6  suggest  that  at  least  oxygen,  ferric  iron, 
sulfate,  and  carbon  dioxide  are  being  used  as  electron  acceptors  during  both  aerobic 
and  anaerobic  biodegradation  of  fuel  hydrocarbons.  As  discussed  previously,  the 
combined  effect  of  these  chemical  decay  processes  is  incorporated  into  the  model 
through  use  of  a  site-specific  decay  constant. 

Based  on  the  data  presented  in  CAP  Section  3,  the  shallow  saturated  zone  was 
conceptualized  and  modeled  as  a  shallow,  unconfined,  relatively  homogenous  aquifer 
composed  primarily  of  sand  overlying  an  aquitard  consisting  of  silt  and  clay.  The 
modeled  saturated  thickness  of  the  aquifer  was  10  feet,  which  is  the  approximate 
thickness  of  the  upper  groundwater  zone  of  the  surficial  aquifer.  Based  on  the 
estimated  potentiometric  surface  and  the  observed  configuration  of  the  dissolved 
contaminant  plume  at  the  site,  shallow  groundwater  flows  from  the  former  underground 
storage  tank  (UST)  locations  directly  toward  the  drainage  ditch  along  the  southern  site 
boundary.  The  relatively  low  magnitude  of  dissolved  contaminant  concentrations 
detected  south  of  the  ditch,  and  the  presence  of  fuel  contaminants  in  the  ditch  sediment 
and  surface  water,  indicate  that  groundwater  and  dissolved  contaminants  migrating 
from  the  former  UST  locations  in  the  shallow  groundwater  zone  primarily  discharge  to 
the  ditch.  Therefore,  the  ditch  acts  as  a  barrier  that  prevents  the  majority  of  dissolved 
contamination  from  migrating  further  to  the  south. 

The  use  of  a  2-D  model  is  appropriate  at  the  MOGAS  site  because  the  shallow 
groundwater  zone  is  thin,  and  the  presence  of  a  laterally  extensive  aquitard  composed 
primarily  of  silt  and  clay  appears  to  minimize  vertical  groundwater  flow  and 
contaminant  migration.  The  sources  of  fuel  contamination  at  the  site  are  the  two 
former  UST  locations  between  Building  514  and  the  southern  drainage  ditch. 
Contaminated  soils  are  present  at  the  site  in  the  vadose  zone,  capillary  fringe,  and 
saturated  zone,  and  act  as  a  continuing  source  of  dissolved  groundwater  contamination. 
The  occasional  presence  of  a  hydrocarbon  sheen  on  the  water  surface  in  portions  of  the 
drainage  ditch  suggests  that  a  localized  sheen  also  may  be  present  on  the  groundwater 
surface;  however,  recoverable  volumes  of  mobile  light  nonaqueous-phase  liquid 
(LNAPL)  do  not  appear  to  be  present.  A  103-day-long  SVE  pilot  test  has  reduced  the 
mass  of  volatile  hydrocarbons  present  in  vadose  zone  soils  since  soil  and  groundwater 
quality  data  were  last  collected  at  the  site  (see  Section  7  of  the  CAP). 

F3.0  INITIAL  MODEL  SETUP 

Where  possible,  the  initial  setup  for  the  Bioplume  II  model  was  based  on  site- 
specific  data.  Where  site-specific  data  were  not  available  (e.g.,  effective  porosity), 
reasonable  assumptions  for  the  types  of  materials  comprising  the  shallow  aquifer  were 
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made  based  on  widely-accepted  literature  values.  The  following  sections  describe  the 
basic  model  setup. 

F3.1  Grid  Design  and  Boundary  Conditions 

The  maximum  grid  size  for  the  Bioplume  II  model  is  limited  to  20  columns  by  30 
rows.  The  dimension  of  each  column  and  row  can  range  from  0.1  to  999.9  feet.  A 
20-  by  30-cell  grid  was  used  to  model  the  MOGAS  site.  Each  grid  cell  was  16  feet 
long  in  the  east-west  direction  and  14  feet  wide  in  the  north-south  direction.  The  grid 
encompasses  the  existing  dissolved  plume  with  sufficient  space  between  all  model 
boundaries  to  avoid  significant  numerical  errors  caused  by  contact  between  the 
boundary  and  the  contaminant  plume.  The  model  grid  covers  an  area  of  134,400  square 
feet,  or  approximately  3  acres.  The  full  extent  of  the  model  grid  and  observed 
dissolved  benzene  concentrations  (August/September  1995)  are  shown  on  Figure  F.l. 

Model  boundaries  are  mathematical  statements  that  represent  hydrogeologic 
boundaries,  such  as  areas  of  specified  head  (i.e.,  surface  water  bodies  or  contour  lines 
of  constant  hydraulic  head)  or  specified  flux.  Hydrogeologic  boundaries  are 
represented  by  three  mathematical  statements  that  describe  the  hydraulic  head  at  the 
model  boundaries.  These  include: 

•  Specified-head  boundaries  (Dirichlet  condition)  for  which  the  head  is  determined 
as  a  function  of  location  and  time  only.  Surface  water  bodies  exhibit  constant 
head  conditions.  Specified-head  boundaries  are  expressed  mathematically  as: 

Head  =f(x,y,z,t ) 

where  /  is  the  function  symbol,  x,  y,  and  z  are  position  coordinates,  and  t  is  time. 

•  Specified-flow  boundaries  (Neumann  conditions)  for  which  the  mathematical 
description  of  the  flux  across  the  boundary  is  given.  The  flux  is  defined  as  a 
volumetric  flow  rate  per  unit  area  (i.e.,  ft3/ft2/day).  No-flow  boundaries  are  a 
special  type  of  specified-flow  boundary  and  are  set  by  specifying  the  flux  to  be 
zero.  Examples  of  no-flow  boundaries  include  groundwater  divides  and 
impermeable  hydrostratigraphic  units.  Specified-flux  boundaries  are  expressed 
mathematically  as: 


Flux  =f(x,y,z,t) 

•  Head-dependent  flow  boundaries  (Cauchy  or  mixed-boundary  conditions)  where 
the  flux  across  the  boundary  is  calculated  from  a  given  boundary  head  value. 
This  type  of  flow  boundary  is  sometimes  referred  to  as  a  mixed-boundary 
condition  because  it  is  a  combination  of  a  specified-head  boundary  and  a 
specified-flow  boundary.  Head-dependent  flow  boundaries  are  used  to  model 
leakage  across  semipermeable  boundaries.  Head-dependent  flow  boundaries  are 
expressed  mathematically  as  (Bear,  1979): 
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Where: 


Flux  - 


(jh  -  h)k 

B' 


H  =  Head  in  the  zone  being  modeled  (generally  the  zone 
containing  the  contaminant  plume) 


Ho  =  Head  in  external  zone  (separated  from  plume  by 
semipermeable  layer) 

K’  =  Hydraulic  conductivity  of  semipermeable  layer 


B’  =  Thickness  of  semipermeable  layer. 

Natural  hydraulic  boundaries  are  modeled  using  a  combination  of  the  three  types  of 
model  boundary  conditions  listed  above.  When  possible,  hydrologic  boundaries  such 
as  surface  water  bodies,  groundwater  divides,  contour  lines,  or  hydrologic  barriers 
should  coincide  with  the  perimeter  of  the  model.  In  areas  lacking  obvious  hydrologic 
boundaries,  specified-head  or  specified-flux  boundaries  can  be  specified  at  the  model 
perimeter  if  the  boundaries  are  far  enough  removed  from  the  contaminant  plume  that 
transport  calculations  are  not  affected.  Bioplume  II  requires  the  entire  model  domain  to 
be  bounded  by  zero- flux  cells  (also  known  as  no- flow  cells),  with  other  boundary 
conditions  established  within  the  subdomain  specified  by  the  no-flow  cells. 

Specified-head  boundaries  for  the  model  were  set  on  the  northern  and  southern 
perimeter  of  the  model  grid  to  simulate  groundwater  flow  to  the  south  as  observed  at 
the  site.  The  head  along  the  northern  model  boundary  was  estimated  to  be  16.20  feet 
above  mean  sea  level  (MSL).  The  heads  at  the  southern  boundary  (at  the  drainage 
ditch)  varied  from  14.14  feet  above  MSL  at  the  downstream  end  of  the  ditch  to  14.68 
feet  above  MSL  at  the  upstream  end  of  the  ditch. 

The  eastern  and  western  model  boundaries  were  configured  as  no-flow  (specified- 
flux)  boundaries.  In  this  case,  the  flux  through  these  boundaries  is  assumed  to  be  zero 
because  groundwater  flow  is  generally  parallel  to  these  boundaries.  The  base  or  lower 
boundary  of  the  model  is  also  assumed  to  be  no- flow,  and  is  representative  of  the  upper 
surface  of  the  silt  and  clay  aquitard.  The  upper  model  boundary  is  defined  by  the 
simulated  water  table  surface.  On  the  basis  of  aquifer  thickness  data  (CAP  Section  3), 
the  saturated  thickness  of  the  aquifer  was  assumed  to  be  approximately  10  feet. 
Hydraulic  conductivity  values  measured  at  the  site  were  relatively  uniform  (Section  3); 
therefore,  a  constant  hydraulic  conductivity  and  transmissivity  were  used.  Flow 
hydraulics  were  matched  in  the  model  by  varying  the  upgradient  and  downgradient 
constant-head  values  until  the  simulated  lateral  hydraulic  gradient  and  groundwater 
flow  velocities  matched  measured  values  to  a  reasonable  degree. 

F3.2  Groundwater  Elevation  and  Gradient 

The  water  table  elevation  map  for  August  1995,  presented  in  CAP  Figure  3.4,  was 
used  to  define  the  starting  heads  input  into  the  Bioplume  II  model.  Groundwater  flow 
in  the  vicinity  of  the  MOGAS  site  is  to  the  south  at  an  average  estimated  gradient  in  the 
modeled  area  of  approximately  0.006  foot  per  foot  (ft/ft).  The  southerly  flow  direction 
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in  the  modeled  portion  of  the  shallow  groundwater  zone  has  been  documented  during 
several  different  investigations  conducted  at  different  times,  and  appears  to  be 
representative  of  steady  state  conditions. 

F3.3  BENZENE  CONCENTRATIONS 

The  August-September  1995  dissolved  benzene  concentrations  obtained  from 
laboratory  analytical  results  for  each  sampled  monitoring  well  and  point  location  were 
used  for  model  development.  The  January  1995  benzene  concentration  for  monitoring 
point  MOV-01-03  also  was  used,  because  this  point  was  removed  prior  to  the  August- 
September  sampling  event.  Appendix  B  presents  dissolved  benzene  data  from  the 
January  and  August-September  1995  sampling  events.  Figure  F.l  presents  the 
probable  extent  of  benzene  in  groundwater  based  on  these  1995  data.  As  described  in 
CAP  Section  6,  this  model  was  calibrated  using  existing  contaminant  data  and  current 
site  conditions  to  predict  how  dissolved  contaminants  would  migrate  in  the  future. 

F3.4  Contaminant  Decay  Coefficient 

The  discussion  presented  in  Section  6  suggests  that  oxygen,  sulfate,  carbon  dioxide, 
and  ferric  iron  are  being  used  as  electron  acceptors  during  fuel  hydrocarbon 
biodegradation  at  the  MOGAS  site.  The  modeling  strategy  pursued  at  this  site  involved 
using  a  benzene  decay  coefficient  that  was  as  site-specific  as  possible  to  account  for 
both  aerobic  and  anaerobic  processes. 

As  described  in  Section  6  of  the  CAP,  sufficient  data  were  not  available  for  the 
MOGAS  site  to  compute  a  site-specific  benzene  decay  rate,  because  the  available  decay 
rate  calculation  methods  require  that  groundwater  analytical  data  for  a  minimum  of  two 
sampling  stations  (preferably  at  least  three)  located  along  a  line  parallel  to  groundwater 
flow  and  contaminant  migration  (preferably  along  the  axis  of  the  plume)  are  available. 
In  addition,  the  stations  should  be  far  enough  apart  that  significant  contaminant 
concentration  changes  due  to  the  effects  of  biodegradation  are  evidenced  from  one 
station  to  the  next.  These  conditions  are  not  fulfilled  at  the  MOGAS  site.  The  highest 
contaminant  and  tracer  concentrations  were  detected  downgradient  from  the  former 
UST  locations  near  the  drainage  ditch  and  the  toe  of  the  dissolved  plume.  However,  an 
anaerobic  decay  rate  constant  for  benzene  of  0.0004  day'1  was  computed  from  data 
collected  at  the  adjacent  POL  Bulk  Fuel  Storage  Area  using  the  method  of  Buscheck 
and  Alcantar  (1995),  and  was  used  in  concert  with  decay  rates  for  the  other  BTEX 
compounds  for  predictive  purposes  in  the  calibrated  numerical  fate  and  transport  model 
constructed  for  that  site  (Parsons  ES,  1995).  The  POL  Area,  which  is 
hydrogeological ly  similar  to  the  MOGAS  site,  is  located  immediately  west  of  the 
MOGAS  site  across  Third  Street.  The  method  of  Buscheck  and  Alcantar  (1995) 
involves  using  a  simple  regression  technique  to  develop  a  site-specific  decay  coefficient 
(see  referenced  paper  in  this  appendix).  With  this  method,  the  decay  coefficient  is 
determined  by  coupling  the  regression  of  concentration  versus  distance  for  a  dissolved 
plume  assumed  to  be  under  steady-state  conditions.  This  technique  provides  an 
analytical  method  to  use  site  data  to  distinguish  contaminant  mass  losses  due  to 
nondestructive  chemical  attenuation  processes  from  contaminant  mass  losses  due  to 
destructive  attenuation  processes.  Figure  F.2  illustrates  how  POL  area  data  were  used 
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to  derive  the  decay  coefficient  for  benzene  that  was  used  in  the  model  for  the  MOGAS 
site.  The  decay  coefficient  determined  for  benzene  at  the  POL  Area  is  conservatively 
low  compared  to  the  saturated  soil  and  groundwater  degradation  rates  for  this  and 
similar  compounds  found  in  the  technical  literature. 

F4.0  MODEL  CALIBRATION 

Model  calibration  is  an  important  component  in  the  development  of  any  numerical 
groundwater  model.  Calibration  of  the  flow  model  demonstrates  that  the  model  is 
capable  of  matching  hydraulic  conditions  observed  at  the  site.  Calibration  of  a 
contaminant  transport  model  superimposed  upon  the  calibrated  flow  model  helps  verify 
that  contaminant  loading  and  transport  conditions  are  being  appropriately  simulated. 
The  shallow  groundwater  flow  system  between  the  contamination  sources  (the  former 
UST  locations)  and  the  contamination  discharge  area  (the  drainage  ditch)  appears  to  be 
relatively  homogenous,  and  the  distance  between  source  and  discharge  area  is  short 
(100  feet).  Therefore,  the  numerical  flow  model  developed  for  the  MOGAS  site  was 
calibrated  to  simulate  the  southerly  flow  and  contaminant  migration  observed  at  the 
site,  but  did  not  incorporate  substantial  heterogeneity.  After  calibration  of  the  flow 
model,  the  numerical  transport  model  was  calibrated  by  altering  benzene  injection 
concentrations  in  a  trial-and-error  fashion  until  the  simulated  benzene  plume 
approximated  observed  field  values.  Table  F.l  lists  input  parameters  used  for  the 
modeling  effort. 

F4.1  Water  Table  Calibration 

The  shallow  water  table  at  the  MOGAS  site  was  assumed  to  only  be  influenced  by 
continuous  recharge  and  discharge  at  the  constant-head  cells  established  at  the 
upgradient  and  downgradient  model  boundaries.  The  drainage  ditch  bordering  the  site 
on  the  south  comprised  the  southern  boundary  of  the  model.  Calibration  of  the 
groundwater  flow  system  was  accomplished  by  adjusting  the  upgradient  and 
downgradient  constant-head  values  until  the  groundwater  flow  direction,  lateral 
hydraulic  gradients,  and  flow  velocities  approximated  observed  field  values.  Due  to 
the  small  area  simulated  by  the  model,  the  relatively  uniform  lateral  hydraulic  gradient 
measured  in  the  field,  and  the  uniformity  of  hydraulic  conductivity  values  estimated 
from  slug  tests  at  the  site,  a  constant  transmissivity  [36  square  feet  per  day  (ft'/day)] 
was  used  in  the  model.  Recharge  from  annual  precipitation  was  omitted  because  a 
portion  of  the  site  is  covered  with  asphalt  and  buildings,  which  would  minimize  the 
infiltration  of  precipitation,  and  the  ground  surface  in  the  remaining  portion  of  the 
modeled  area  slopes  steeply  to  the  ditch,  promoting  runoff  rather  than  infiltration.  The 
omission  of  precipitation  recharge  contributes  to  the  conservative  nature  of  the  model 
predictions,  because  the  contaminant  plume  is  not  diluted  by  rain  water.  The  model 
was  calibrated  under  steady-state  conditions. 

Figure  F.3  shows  the  calibrated  water  table.  The  simulated  hydraulic  gradient  is 
0.008  ft/ft,  compared  to  measured  gradients  ranging  from  0.006  to  0.009  ft/ ft  (CAP 
Section  3).  Simulated  groundwater  velocities  along  the  plume  flowpaths  between  the 
former  UST  locations  and  the  ditch  ranged  from  0.09  foot  per  day  (ft/day)  to  0.16 
ft/day.  This  range  compares  favorably  with  velocities  computed  prior  to  the  modeling 


F-8 


022/725522/1 5.  WW6 


DRAFT 


TABLE  F.l 

BIOPLUME  II  MODEL  INPUT  PARAMETERS 
MOGAS  SITE  CORRECTIVE  ACTION  PLAN 
RISK-BASED  APPROACH  TO  REMEDIATION 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Model  Runs 


NPMP  Number  of  Pumping  Periods 


NX  Number  of  nodes  in  the  X  direction 


NY  Number  of  nodes  in  the  Y  direction 


NPMAX  Maximum  number  of  Particles 

NPMAX=(NX-2)(NY-2)(NPTPND)  +  (Ns*')(NPTPND)  +  250 


Time  step  interval  for  printing  data 


Number  of  iteration  parameters 


Number  of  observation  points 


Maximum  allowable  number  of  iterations  in  ADIP 


Number  of  pumping  or  injection  wells 


Initial  number  of  particles  per  node 


Number  of  node  identification  codes 


Particle  movement  interval  (IMOV) 


Option  for  printing  computed  velocities 


Option  to  print  computed  dispersion  equation  coefficients 


Option  to  print  computed  changes  in  concentration 


Option  to  punch  velocity  data 


Option  for  biodegradation,  retardation  and  decay 


Pumping  period  (  years) 


Convergence  criteria  in  ADIP 


Effective  porosity 


Calibrated 
Model  Setup 


NTIM  I  Maximum  number  of  time  steps  in  a  pumping  period 


MOGAS  1 


MOGAS  2 
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TABLE  F.l  (Continued) 

BIOPLUME  II  MODEL  INPUT  PARAMETERS 
MOGAS  SITE  CORRECTIVE  ACTION  PLAN 
RISK-BASED  APPROACH  TO  REMEDIATION 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Model  Runs 

Parameter 

Description 

Calibrated 

Model  Setup 

MOGASJ 

MOGAS2 

BETA 

Characteristic  length  (long.  dispersivity;  feet) 

10 

10 

to 

S 

Storage  Coefficient 

0  (Steady-State) 

0 

0 

TIMX 

Time  increment  multiplier  for  transient  flow 

- 

- 

- 

TINIT 

Size  of  initial  time  step  (seconds) 

- 

- 

- 

XDEL 

Width  of  finite  difference  cell  in  the  x  direction  (feet) 

14 

14 

14 

YDEL 

Width  of  finite  difference  cell  in  the  y  direction  (feet) 

16 

16 

16 

DLTRAT 

Ratio  of  transverse  to  longitudinal  dispersivity 

0.1 

0.1 

0.1 

CELDIS 

Maximum  cell  distance  per  particle  move 

0.5 

0.5 

0.5 

ANFCTR 

Ratio  of  Tyy  to  Txx  (1  =  isotropic) 

1 

1 

1 

DK 

Distribution  coefficient 

0.049 

0.049 

0.049 

RHOB 

Bulk  density  of  the  solid  (grams/cubic  centimeter) 

1.65 

1.65 

1.65 

THALF 

Half-life  of  the  solute 

- 

- 

- 

DEC1 

Biodegradation  decay  coefficient  (day1) 

0.0004 

0.0004 

0.0004 

DEC2 

Reacration  coefficient  (day*1) 

- 

- 

- 

F 

Stoichiometric  Ratio  of  Hydrocarbons  to  Oxygen 

3.1 

3.1 

3.1 

d  Ns  =  Number  of  nodes  that  represent  fluid  sources  (wells  or  constant  head  cells) 


w  ADIP  =  Alternating-direction  implicit  procedure  (subroutine  for  solving  groundwater  flow  equation) 

d  For  model  MOGAS_l,  the  first  pumping  period  was  10  years  long,  and  subsequent  pumping  periods  were  2  to  3  years  long. 
For  model  MOGAS_2,  all  pumping  periods  after  the  initial  10-year  period  were  1  year  long. 
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using  site-specific  hydraulic  gradient  and  hydraulic  conductivity  data  (0.09  to  0.13 
ft/day). 

In  solving  the  groundwater  flow  equation.  Bioplume  II  establishes  the  water  table 
surface  and  calculates  an  overall  hydraulic  balance  that  accounts  for  the  numerical 
difference  between  flux  into  and  out  of  the  system .  The  hydraulic  mass  balance  for  the 
calibrated  model  was  excellent,  with  99.61  percent  of  the  water  flux  into  and  out  of  the 
system  being  numerically  accounted  for  (i.e.,  a  0.39-percent  error).  According  to 
Anderson  and  Woessner  (1992),  a  mass  balance  error  of  around  1  percent  is  acceptable. 

F4.2  Benzene  Plume  Calibration 

After  calibration  of  the  flow  model,  the  numerical  transport  model  was  calibrated. 
Because  residual  soil  contamination  could  still  act  as  a  significant  contaminant  source  at 
the  site,  model  injection  wells  were  included  to  simulate  partitioning  of  benzene  from 
the  soil  source  into  the  groundwater.  The  number  of  contaminant  injection  wells  that 
can  be  added  to  a  Bioplume  II  model  is  limited  to  50.  However,  the  lateral  extent  of 
residual  soil  contamination  depicted  on  CAP  Figure  5.3  encompasses  more  than  50 
model  grid  cells.  Therefore,  the  leaching  of  benzene  from  soils  into  groundwater  at 
this  site  was  simulated  by  the  addition  to  the  model  of  50  benzene  injection  wells  that 
were  located  in  the  areas  of  most  elevated  soil  contaminant  concentrations.  The 
locations  of  the  injection  wells  are  shown  on  Figure  F.4. 

While  the  term  "injection  well"  suggests  contaminants  are  being  introduced  at  a 
point,  Bioplume  II  assumes  that  contamination  introduced  at  a  well  instantly 
equilibrates  throughout  the  entire  cell  in  which  the  well  is  located.  The  injection  rate 
for  the  cells  was  set  at  1.0  x  10 5  cubic  foot  per  second  (ft3/ sec),  a  value  low  enough 
that  the  flow  calibration  in  the  modeled  area  was  not  affected.  The  benzene  plume  was 
calibrated  by  altering  benzene  injection  concentrations  in  a  trial -and-error  fashion  until 
the  simulated  benzene  plume  approximated  observed  field  values.  During  the 
calibration  process,  the  model  was  run  for  a  period  of  10  years  to  achieve  a  steady-state 
plume  that  was  not  changing  over  time. 

Figure  F.5  shows  the  simulated  1995  dissolved  benzene  plume.  The  general 
geometry  of  the  simulated  plume  closely  resembles  that  of  the  observed  plume  (Figure 
F.  1),  and  the  simulated  magnitude  of  benzene  concentrations  is  similar  to  those 
measured  in  site  groundwater  samples.  However,  the  simulated  benzene  concentrations 
in  the  area  between  the  two  UST  locations  are  lower  than  those  measured  in  the  field. 
This  difference  is  due  to  the  lack  of  benzene  injection  wells  in  the  model  in  this  area. 
As  described  above,  the  Bioplume  II  model  imposes  a  50-well  limit  on  injection  wells, 
and  the  wells  were  clustered  at  and  immediately  south  of  the  UST  locations. 

F5.0  DISCUSSION  OF  IMPORTANT  PLUME  CALIBRATION  PARAMETERS 

The  only  parameters  varied  during  calibration  of  the  benzene  plume  were  the 
benzene  injection  concentrations,  which  were  the  variables  that  were  known  with  the 
least  degree  of  certainty.  A  reasonably  conservative  retardation  coefficient  was 
computed  using  site-specific  total  organic  carbon  (TOC)  data,  and  the  dispersivity  and 
contaminant  decay  rate  were  derived  from  data  collected  at  the  adjacent  POL  area 
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(Parsons  ES,  1995).  The  values  used  for  the  model  parameters  of  dispersivity, 
retardation,  contaminant  decay  rate,  and  contaminant  injection  concentrations  are 
discussed  below. 

F5.1  Dispersivity 

Much  controversy  surrounds  the  concepts  of  dispersion  and  dispersivity. 
Longitudinal  dispersivity  values  for  sediments  similar  to  those  found  at  the  site  range 
from  0.1  to  200  feet  (Walton,  1988).  Longitudinal  dispersivity  at  the  adjacent  POL 
area  was  estimated  to  be  9.2  feet,  which  was  the  value  used  in  the  calibrated  Bioplume 
II  model  constructed  for  that  site.  A  nearly  identical  value  of  10  feet  was  used  in  the 
MOGAS  site  model.  The  use  of  a  low  dispersivity  value  contributed  to  the 
conservative  nature  of  the  model  because  low  dispersivities  cause  less  contaminant  mass 
to  be  lost  to  dispersion-related  dilution.  Transverse  dispersivity  values  generally  are 
estimated  as  one-tenth  (0.1)  of  the  longitudinal  dispersivity  values  (Domenico  and 
Schwartz,  1990);  this  ratio  was  maintained  in  the  MOGAS  site  model. 

F5.2  Coefficient  of  Retardation 

Retardation  of  contaminants  relative  to  the  advective  velocity  of  the  groundwater 
occurs  when  contaminant  molecules  are  sorbed  to  the  aquifer  matrix.  A  reasonable 
range  of  retardation  coefficients  for  benzene  was  calculated  based  on  measured  TOC 
concentrations  in  the  soils  in  and  near  the  saturated  zone  at  the  site  (CAP  Section  3),  an 
assumed  bulk  density  of  1.65  grams  per  cubic  centimeter  (Freeze  and  Cherry,  1979), 
and  a  published  value  of  the  soil  sorption  coefficient  (Koc)  for  benzene,  as  listed  by 
Wiedemeier  et  al.  (1995).  The  results  of  these  calculations  are  summarized  in  Table 
F.2.  A  final  value  of  1.33  for  the  benzene  retardation  coefficient  was  used  in  the 
model.  This  value,  which  implies  that  benzene  is  not  significantly  retarded  during 
migration,  is  similar  to  the  average  retardation  coefficient  of  1.2  computed  for  all  of 
the  BTEX  compounds  for  the  adjacent  POL  area  and  used  in  the  calibrated  Bioplume  II 
model  constructed  for  that  site.  As  with  dispersivity,  this  variable  was  not  adjusted  in 
the  model  calibration.  Large  retardation  coefficients  slow  contaminant  migration  and 
enhance  the  effectiveness  of  biodegradation  processes. 

F5.3  Contaminant  Decay  Coefficient 

The  contaminant  decay  coefficient  is  a  first-order  rate  constant  that  can  be  used  in 
Bioplume  II  to  simulate  aerobic  and  anaerobic  contaminant  removal.  The  contaminant 
decay  coefficient  (or  biodegradation  coefficient)  is  estimated  with  an  analytical  solution 
of  the  general  one-dimensional  transport  equation  modified  by  Buscheck  and  Alcantar 
(1995).  A  contaminant  decay  coefficient  of  0.0004  day'1  was  derived  by  the  above 
method  discussed  above  using  data  from  the  adjacent  POL  area.  This  value  is  low 
compared  with  values  for  benzene  reported  in  the  literature,  which  range  from  0.001  to 
0.03  day'1  (CAP  Section  6).  As  with  dispersivity  and  retardation,  this  area-specific 
value  was  not  varied  in  the  model  calibration  process. 
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F6.0  PREDICTIVE  SIMULATIONS 

To  predict  the  future  fate  and  transport  of  dissolved  benzene  at  the  MOGAS  site, 
two  Bioplume  II  model  simulations  were  performed.  The  first  simulation,  termed 
"MOGAS_l",  assumed  that  the  rate  at  which  benzene  was  introduced  into  the  aquifer 
geometrically  decreased  by  3  percent  per  year  (injected  benzene  concentrations  were 
decreased  by  3  percent  from  the  concentration  used  for  the  previous  year  to  account  for 
natural  weathering  of  fuel  residuals).  The  source  decay  rate  includes  the  combined 
effects  of  volatilization,  dissolution  (i.e. ,  leaching),  and  biodegradation  on  source  area 
residual  LNAPL  and  sorbed  soil  contamination.  This  weathering  rate  was  derived  by 
matching  a  geometrically  decreasing  contaminant  source  concentration  to  the  soil 
leaching  rate  predicted  using  a  the  batch-flushing  model.  The  batch-flushing  model  is 
described  in  CAP  Section  6.6.1,  and  supporting  calculations  are  provided  at  the  end  of 
this  appendix.  This  model  was  run  for  a  period  of  200  years  beyond  1995. 

The  second  simulation,  termed  "MOGAS_2",  assumes  that  all  of  the  residual 
LNAPL  in  site  soils  is  actively  remediated  via  a  combination  of  bioventing  and 
biosparging  within  3  years,  at  the  end  of  which  the  source  area  is  no  longer 
contributing  benzene  to  the  groundwater.  Bioventing  and  biosparging  are  in  situ 
processes  in  which  low-flow  air  injection  is  used  to  enhance  the  aerobic  biodegradation 
of  organic  contaminants  in  vadose  zone  and  saturated  zone  soils,  respectively,  by 
supplying  oxygen  to  indigenous  microbes.  Biosparging  also  promotes  volatilization  of 
VOCs  sorbed  to  saturated  soils  or  dissolved  in  the  groundwater.  In  this  scenario,  there 
is  a  50-percent  reduction  in  benzene  source  concentrations  by  the  end  of  year  1 ,  a  95- 
percent  reduction  by  the  end  of  year  2,  and  complete  elimination  of  the  benzene  source 
term  by  the  end  of  year  3. 

In  addition,  the  effects  of  a  64-foot-long  air  sparging  curtain  downgradient  from 
each  of  the  former  UST  locations  near  the  drainage  ditch  was  simulated  in  model 
MOGAS_2  by  adding  sufficient  oxygen  to  the  groundwater  in  each  of  4  adjacent  model 
cells  to  increase  DO  concentrations  in  each  of  these  cells  by  1.2  to  1.5  mg/L.  These 
cells  included  (4,9),  (4,10),  (4.11),  (4,12),  (4,17),  (4,18),  (4,19),  and  (4,20).  To 
determine  the  proper  oxygen  injection  concentration,  all  benzene  was  removed  from  the 
model,  and  varying  amounts  of  oxygen  were  added  to  each  of  the  above  cells  until  the 
steady-state  DO  concentrations  increased  above  pre-sparging  concentrations  by  1.2  to 
1.5  mg/L.  Steady-state  conditions  were  achieved  by  running  the  model,  with  oxygen 
injection,  for  10  years.  The  objective  of  the  air  sparging  curtain  simulation  was  to 
assess  the  degree  to  which  benzene  discharge  to  the  drainage  ditch  could  be  reduced. 
The  air  sparging  curtain  was  "turned  on"  in  model  MOGAS  2  for  a  period  of  9  years 
following  1997,  and  the  model  was  run  for  a  total  of  16  years. 
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ABSTRACT 

It  is  now  generally  recognized  that  a  major  factor  responsible  for  the  attenuation  and  mass 
reduction  of  benzene,  toluene,  ethylbenzene,  and  xylenes  (BTEX)  in  groundwater  plumes  is  hydrocarbon 
biodegradation  by  indigenous  microorganisms  in  aquifer  material.  Our  objective  is  to  apply  well-known 
regression  techniques  and  analytical  solutions  to  estimate  the  contribution  of  advection,  dispersion, 
sorption,  and  biodecay  to  the  overall  attenuation  of  petroleum  hydrocarbons.  These  calculations  yield  an 
apparent  biodecay  rate  based  on  field  data.  This  biodecay  rate  is  a  significant  portion  of  the  overall 
attenuation  in  stable,  dissolved  hydrocarbon  plumes. 

INTRODUCTION 

"Intrinsic  bioremediation"  is  the  degradation  of  organic  compounds  by  indigenous  microbes 
without  artificial  enhancement  Advection,  dispersion,  sorption,  and  decay  each  contribute  to  the  overall 
attenuation  of  a  dissolved  hydrocarbon  plume.  The  effect  of  advection  is  to  transport  dissolved 
contaminants  at  the  same  rate  as  the  groundwater  velocity.  The  effect  of  dispersion  is  to  spread 
contaminant  mass  beyond  the  volume  it  would  occupy  due  to  advection  alone,  and  reduce  contaminant 
concentrations.  The  effect  of  sorption  is  to  retard  contaminant  migration.  These  factors  affect  the 
configuration  of  dissolved  hydrocarbon  plumes.  Overall  attenuation  can  cause  a  plume  to  shrink  over 
time,  create  a  stable  plume,  or  reduce  the  rate  of  plume  migration.  Two  of  the  conditions  for  which 
intrinsic  bioremediation  is  likely  to  contribute  to  the  configuration  of  a  contaminant  plume  are  a  shrinking 
plume  and  a  stable  plume.  The  configuration  of  a  migrating  plume  can  also  be  affected  by  intrinsic 
bioremediation.  Under  the  conditions  of  a  shrinking  plume,  degradation  mechanisms  are  necessarily 
present  Intrinsic  bioremediation  also  is  likely  to  contribute  to  a  stable  plume,  particularly  if  the  source 
persists  in  residually  contaminated  soils  at  the  water  table.  In  this  paper  we  couple  the  regression  of 
concentration  versus  distance  for  stable  plumes  to  an  analytical  solution  for  one-dimensional,  steady-state, 
contaminant  transport  The  analytical  solution  includes  advection,  dispersion,  sorption,  and  decay. 

Biological  transformation  is  the  process  that  likely  contributes  most  to  the  decay  of  compounds 
such  as  BTEX.  Several  studies  suggest  the  concurrent  loss  of  electron  acceptors  from  groundwater  as  an 
indicator  of  biodegradation  (McAllister  and  Chiang  1994,  Salanitro  1993).  The  mechanism  of 
biodegradation  is  complex,  and  the  rate  is  most  likely  controlled  by  the  mixing  of  the  contaminant  and 
electron  acceptors  in  a  three-dimensional,  heterogeneous  aquifer.  The  assumption  of  a  first-order  decay 
is  a  useful  approximation  of  this  complex  phenomenon.  Evaluation  of  site  data  suggests  apparent  first- 
order  attenuation  rates  occur  in  the  range  of  0.1  to  1.0  %  per  day  (Buscheck  et  al.  1993). 


The  objective  of  this  paper  is  to  provide  tools  to  assist  in  documenting  the  loss  of  contaminants. 
The  regression  techniques  and  analytical  solution  described  are  intended  to  distinguish  those  mechanisms 
that  contribute  to  contaminant  loss. 

PLUME  CHARACTERISTICS 

Shrinking  Plume 

Dissolved  hydrocarbon  plumes  may  decrease  in  size,  as  observed  by  declining  contaminant 
concentrations  in  monitoring  wells.  Exponential  regression  methods  can  be  used  to  evaluate  whether 
concentration  versus  time  data  fit  a  first-order  decay  observed  for  petroleum  hydrocarbons  under  certain 
conditions.  The  solution  to  the  first-order  decay  is:  \ 

C(t)  =  Cie-(kt)  (1) 

Where  C(t)  (M/L3)  is  concentration  as  a  function  of  time,  t  (T),  Q  is  the  initial  concentration  at  t  =  0,  and 
k  is  the  first-order  attenuation  rate,  T1.  Equation  (1)  may  be  used  to  evaluate  contaminant  concentration 
versus  time  data  for  individual  monitoring  wells. 

Stable  Plume 


A  stable  plume  is  characterized  by  dissolved  contaminant  concentrations  remaining  constant  over 
time  in  individual  monitoring  wells.  Short-term  variations  in  monitoring  well  concentrations  due  to  water 
table  fluctuation,  variability  in  groundwater  flow  direction,  sampling  variability,  and  analytical  uncertainty 
should  be  distinguished  from  statistically  significant  concentration  changes.  In  order  for  a  plume  to  reach 
stable  conditions,  the  rate  of  natural  attenuation  must  be  equal  to  the  rate  of  contaminant  addition  to  the 
aquifer  from  the  source  (McAllister  and  Chiang  1994).  The  contaminant  source  or  influx  rate  is  limited 

by  the  compound’s  effective  solubility  and  the  flow  rate  of  water  through  the  source  area  (infiltration 
fluctuating  water  table,  etc.). 

Kemblowski  et  al.  (1987)  recast  equation  (1)  for  concentration  as  a  function  of  distance: 


c  (x)  =  CQe  v*  (2) 

Where  C0  (M/L3)  is  the  concentration  at  the  source.  The  transformation  of  the  exponential  terms  in 
equations  (1)  and  (2)  is  achieved  by  substituting  time,  t,  with  distance  traveled,  x  (L)  divided  by  the  linear 
groundwater  velocity,  vx  (L/T).  The  term  "x/vxM  is  the  residence  time  for  pore  water  10  move  some 
distance,  x,  from  the  source.  The  concentration  versus  distance  regression  is  based  on  equation  (2).  The 
groundwater  flow  direction  is  defined  based  on  multiple  monitoring  events  covering  the  hydrologic  cycle. 
Six  monitoring  wells  were  selected  along  the  groundwater  flow  path  (see  inset  of  Figure  1).  A  minimum 
of  three  monitoring  wells  are  required  for  this  analysis.  In  this  case,  contaminant  concentrations  declined 
with  downgradxent  distance.  Figure  1  plots  benzene  concentration  versus  distance  for  a  terminal  in 
Fairfax,  Virginia.  From  the  exponent  of  equation  (2),  the  slope  of  the  line  in  Figure  1  is  k/vx  (L'1),  the 
reciprocal  of  the  attenuation  distance.  If  this  slope  is  multiplied  by  groundwater  velocity  (L/T)  *we  obtain 
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k  (T1).  In  the  absence  of  a  reliable  estimate  of  groundwater  velocity,  the  k/vx  term  is  useful,  particularly 
for  estimating  the  downgradient  extent  of  contaminant  migration  and  selecting  downgradient  monitoring 
well  locations. 

ANALYTICAL  SOLUTION  FOR  A  STABLE  PLUME 

The  general  one-dimensional  transport  equation,  with  first-order  decay  of  the  contaminant,  is  given 
by  the  following  equation: 


SC 

St 


Re 


[D  »!£-v 
x  6x2 


*&-xc 


(3) 


Where  Dx  (L  /T)  is  the  dispersion  coefficient,  vx  (L/T)  is  the  linear  groundwater  velocity,  Rf  (-)  is  the 
retardation  coefficient,  and  A,  (T1)  is  the  total  decay  rate.  The  form  of  equation  (3)  assumes  Dx  is  constant 
and  independent  of  distance,  x.  While  the  terms  in  brackets  describe  the  mass  transport  by  dispersion  and 
advection,  respectively,  the  retardation  coefficient  characterizes  the  contribution  of  sorption.  The  form 
of  this  equation  assumes  degradation  occurs  in  the  aqueous  and  sorbed  phases  at  the  same  rate.  If 
biological  transformation  of  BTEX  compounds  occurs  primarily  in  the  aqueous  phase,  the  term  "A,C" 
would  appear  inside  the  brackets. 

Dispersion  and  advection  are  related  by  the  longitudinal  dispersivity,  a*  (L),  which  has  been 
described  by  empirical  expressions  (Fetter  1993). 

Dx  =  «xVx  (4) 


The  retardation  coefficient  (Rf)  accounts  for  contaminant  partitioning  between  the  solid  and 
aqueous  phases.  Rf  describes  the  relationship  between  the  linear  groundwater  velocity,  and  contaminant 
velocity,  vc  (L/T): 


Rf  - 


(5) 


Chiang  et  al.  (1989)  demonstrated  that  the  contribution  of  volatilization  to  the  dissolved 
contaminant  attenuation  was  only  5%  at  one  site.  Except  in  the  case  of  very  shallow  groundwater, 
volatilization  is  not  expected  to  contribute  significantly  to  the  overall  attenuation.  Therefore,  volatilization 
is  neglected  and  the  decay  rate  is  assumed  to  be  a  measure  of  biodegradation  of  BTEX  compounds. 

Bear  (1979)  solved  equation  (3)  for  concentration.  The  steady-state  solution  is  given  as: 

C(x)  =  CG  exp[  (-JL)  [i-(i+i^i)^]  ]  (6) 

^  *x  Vc 

For  the  case  in  which  decay  occurs  only  in  the  aqueous  phase,  the  contaminant  velocity,  vc,  is  replaced 
by  the  linear  groundwater  velocity,  vx,  in  equation  (6).  As  the  decay  rate  (A,)  increases  with  respect  to  the 
other  transport  mechanisms,  the  concentration  away  from  the  source  (x  >  0),  approaches  zero  because  the 
material  is  decaying  at  a  greater  rate  than  it  is  being  transported  through  the  medium.  Similarly,  as  the 
contaminant  velocity  increases,  the  decay  becomes  less  effective  in  reducing  concentrations  as  a  function 
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of  distance.  Retarded  contaminants  therefore  have  a  greater  opportunity  to  decay  because  retarded 
transport  velocities  favor  biodegradation  kinetics  over  transport  (Domenico  and  Schwartz  1990). 

The  exponential  regression  for  concentration  versus  distance  yields  the  reciprocal  of  the  attenuation 
distance,  k/vx  (L'1  ),  previously  shown  in  equation  (2).  Equations  (2)  and  (6)  are  of  the  same  form: 

C  (x)  =  C0  exp  (mx)  (7) 

The  slope  of  the  log-linear  data  is  given  by  m.  The  one-dimensional,  steady-state  transport  solution  also 
describes  the  slope,  m,  of  the  log-linear  data: 

m  =  (— i_)  [1-(1  +  — 2)  M  (8) 

2«x  vc  v 

Therefore,  the  term  k/vx  and  equation  (8)  both  describe  the  slope  of  the  log-linear  data  and  can  be  equated 
to  solve  for  the  total  decay  rate,  X,  a  measure  of  intrinsic  bioremediation.  Dispersivity  (a),  contaminant 
velocity  (vj,  and  k/vx  are  input  to  the  following  equation  to  calculate  the  decay  rate. 

A  «  (-—-)  (  [l+2ax  {—  )  ]2-  l)  (9) 

40Cx  vx 

For  the  case  in  which  decay  occurs  only  in  the  aqueous  phase,  vc  is  replaced  by  vx  in  equation  (9). 
RESULTS 

The  results  of  equating  the  spatial  regression  with  the  steady-state  analytical  solution  for  the 
Fairfax  Terminal  are  presented  in  Table  1.  The  values  for  source  concentration  (C0)  and  k/vx  were 
regressed  using  the  data  plotted  in  Figure  1.  Table  1  includes  k  and  the  ratio,  A/k,  the  contribution  of 
biodecay  to  the  overall  attenuation  rate  (expressed  as  %).  In  Case  1,  groundwater  velocity  was  0.06 
m/day,  based  on  aquifer  pump  tests.  Retardation  was  estimated  as  2  and  dispersivity  was  estimated  as  7.5 
m,  approximately  5%  of  the  flow  field  (distance  separating  the  two  furthest  wells).  In  Case  1,  X  = 
0.30%/day  (0.0030  days  ');  X  is  75%  of  k  for  this  case.  The  next  four  cases  were  performed  to  evaluate 
the  sensitivity  of  changing  various  input  parameters.  In  each  of  these  cases  Cc  and  k /vx  remain  constant 
In  Case  2,  the  groundwater  velocity  is  reduced  by  a  factor  of  two  (v  =  0.03  m/day),  which  reduces  the 
decay  rate  by  the  same  factor  ( X  =  0.15%/day).  In  this  case,  only  half  the  decay  rate  is  required  to 
maintain  the  Case  1  concentration  decline  with  distance;  as  in  Case  1,  X  is  75%  of  k  in  Case  2.  In  Case 
3,  the  dispersivity  is  increased  by  a  factor  of  two  (a  =  15  m)  and  X  =  0.40%/day.  More  decay  is  required 
with  a  larger  dispersivity  because  more  spreading  of  the  contaminant  occurs  in  the  direction  of 
groundwater  flow;  X  is  equivalent  to  k  in  Case  3. 

Cases  4  and  5  were  performed  to  calculate  X  assuming  biodecay  occurs  only  in  the  aqueous  phase. 
This  is  accomplished  by  replacing  vc  with  vx  in  equation  (9)  for  X  (R  =  1  in  Table  1  for  Cases  4  and  5). 
Given  this  revised  formulation,  the  decay  rate,  X,  is  independent  of  retardation.  By  limiting  decay  to  the 
aqueous  phase  in  Case  4,  X,  =  0.60%/day,  twice  the  decay  rate  in  Case  1.  In  Case  4,  X  is  150%  of  k. 
Case  5  is  similar  to  Case  4,  but  dispersivity  is  reduced  to  0.3  m.  In  Case  5,  X  =  0.40%/day.  Less  decay 
is  required  with  a  smaller  dispersivity  because  less  spreading  of  the  contaminant  plume  occurs  in  the 
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direction  of  groundwater  flow;  X.  and  k  are  identical  in  Case  5. 


SUMMARY 

Contaminant  decay  is  the  primary  process  contributing  to  a  stable  configuration  of  a  dissolved 
contaminant  plume.  Given  a  constant  source,  sorption  and  dispersion  alone  are  not  likely  to  account  for 
a  stable  plume.  Sorption  only  retards  contaminant  velocity,  whereas  dispersion  results  in  further  spreading 
of  the  contaminant,  reducing  concentrations.  Decay  (biodegradation  of  BTEX  compounds)  is  the  most 
significant  mechanism  that  accounts  for  mass  loss  in  a  dissolved  contaminant  plume.  The  analytical 
solution  for  steady-state  contaminant  transport  can  be  equated  to  a  regression  of  concentration  versus 
distance  (expressed  as  k/vj  to  solve  for  the  decay  rate,  X.  The  decay  rate  is  a  measure  of  intrinsic 
bioremediation  of  petroleum  hydrocarbons  and  can  be  used  in  more  sophisticated  models. 
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FIGURE  1.  Exponential  regression  of  concentration  versus  distance  for  Fairfax  Terminal. 


TABLE  1.  Decay  rates  based  on  steady-state  analytical  solution,  C#  =  3,660  pg/L, 
k/vx  =  0.066  m‘\  (sensitivity  on  bold  input  values) 


Case 

groundwater 
velocity,  vx 
(m/day) 

retardation 

coefficient, 

R, 

contaminant 
velocity,  vc 
(m/day) 

dispersivity, 

a 

(m) 

attenuation 
rate,  k 
(%/day) 

decay  rate, 

X 

(%/day) 

A/k 

(%) 

Case  1 

0.06 

2 

0.03 

mm 

0.40 

0.30 

75 

Case  2 

0.03 

2 

0.015 

mm 

0.20 

0.15 

75 

Case  3 

0.06 

2 

0.03 

15 

0.40 

100 

Case  4 

0.06 

l(l) 

0.06 

B 

0.40 

0.60 

150 

Case  5 

0.06 

1(" 

0.06 

03 

0.40 

0.40 

100 

Note:  (1)  Calculation  of  X  independent  of  vc. 
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TOXICITY  PROFILES 


APPENCOV.DOC 


SITE-SPECIFIC  TARGET  LEVEL  CONCENTRATIONS  DERIVATIONS 


APPENCOV.DOC 


ial 

h  §  2 

H  S3  £ 
quo 
S  <  w 

3ga 

oSE 

o  s-  *< 

W  ^  W 

Pod 

«  WH 
1/3  co  p< 

<2  «<  P 

^*3  CQ  5 
2  u;  S 

i  I 

“*  « 


o  S 

•§  § 

ttf)  w 

I  la 

p  £r  3 

S  e2  ^ 

§  t>  3 

*7  <D  ^ 

*  «  W) 

CQ  £. 


O  cn  o 

in  00  f>* 


O  in  o 
m  \o  r- 
m  m 


8  8  |  8  $ 
s-  &  ®  &e 


o  o  S  o  c§ 
cl  a,  S3  S.  W 


$  2  2  o  o  o 

wSwgaa 


on  in  in 

cn  oi  d 


+  f  f  9  9  9 

asssss 

in  oo  On  .  ^  ^ 


S9??33 

gwjwww 

in  oo  2  8  t  in 


$§3S$Scp 
pa  w  w  w  w  w  w 

O  O  O  O  O  oo  oo 

i-H  Tj-  in  o  a\  m  cn 

ri  ^  oo  vd  i-J  ^ 


+-*  l-t(  u  —  ^ 

s  rs  42  CO  ^ 


3  O  H 


Ji  I'  II  ^ 
h  C/y  0 

W  X  a-  c* 


<  pH  ^ 

w  w  H 


S  1  8  X  M  *7  i 

§  £  g  g  £  i 

<U  w  o  >>  5  K  1 

CQ  w  H  X  Z  -i 


K:\MYRTLE\TABLES\GWSSTLS.XLS 


APPENDIX  G 

SITE-SPECIFIC  TARGET  CONCENTRATIONS  FOR  SURFACE  WATER  - 
INCIDENTAL  DERMAL  EXPOSURE  AND  INCIDENTAL  INGESTION 
MOGAS  SITE  CORRECTIVE  ACTION  PLAN 
RISK-BASED  APPROACH  TO  REMEDIATION 
MYRTLE  AFB,  SOUTH  CAROLINA 


Exposure  Assumptions:  Onsite  Recreator-Child/Adult 

Parameters 

RME 

CT 

ATc  =  Averaging  Time  for  Carcinogens  (dys) 

25550 

25550 

BW  =  Body  Weight  (kg) 

44 

44 

ED  =  Exposure  Duration  (yr) 

9 

6 

EF  -  Exposure  Frequency  (dys/yr) 

90 

40 

ET  =  Exposure  Time  (hrs/dy) 

2.6 

2.6 

SA  =  Skin  Surface  Area  (cm2) 

6100 

5400 

SFd  =  Dermal  Slope  Factor  (kg-day/mg) 

chem-spec 

chem-spec 

SFo  =  Oral  Slope  Factor  (kg-day/mg) 

chem-spec 

chem-spec 

IR  =  Ingestion  Rate  (L/hr) 

0.05 

0.05 

PC  =  Dermal  Permeability  (cm/hr) 

chem-spec 

chem-spec 

TR  =  Target  risk 

1.00E-06 

1.00E-06 

Carcinogenic  Chemicals: 

C  =  (TR  *  BW  *  ATc)/(ED  *  EF  *ET*[(IR*SFo) + (S  A*PC*0.00 1  *SFd)]) 

Carcinogenic  Site-Specific 

Target  Concentration 

PC 

SFo 

SFd 

RME-Based  Value  CT-Based  Value 

COPC 

(cm/hr) 

(kg-dy/mg) 

(kg-dy/mg) 

(mg/L)  (mg/ L) 

Benzene 

2.10E-02 

2.90E-02 

3.05E-02 

9.96E-02  3.67E-01 

k:\myrtle\tables\sstl.  xls(swderm/ig/ 


APPENDIX  G 

SITE-SPECIFIC  TARGET  CONCENTRATIONS  FOR  SEDIMENT-INCIDENTAL  DERMAL  EXPOSURE 

MOGAS  SITE  CORRECTIVE  ACTION  PLAN 
RISK-BASED  APPROACH  TO  REMEDIATION 
MYRTLE  AFB,  SOUTH  CAROLINA 


Exposure  Assumptions:  Onsite  Recreator-Child/ Adult 


Parameters 

RME 

CT 

ATc  =  Averaging  Time  for  Carcinogens  (dys) 

25550 

25550 

BW  -  Body  Weight  (kg) 

44 

44 

ED  =  Exposure  Duration  (yr) 

9 

9 

EF  =  Exposure  Frequency  (dys/yr) 

100 

60 

HQ  =  Target  Hazard  Quotient 

1 

1 

ABS  =  Absorption  Factor 

2.50E-01 

2.50E-01 

AF  =  Soil-Skin  Adherance  (mg/cm2/day) 

1 

0.2 

SA  =  Skin  Surface  Area  (cm2) 

6100 

5400 

SFd  =  Dermal  Slope  Factor  (kg-day/mg) 

chem-spec 

chem-spec 

TR  =  Target  risk 

1.00E-06 

1.00E-06 

Carcinogenic  Chemicals: 

C  =  (TR  *  BW  *  ATc)/(ED  *  EF  *AF*SA*lE-6kg/mg*ABS*SFd) 


Carcinogenic  Site-Specific 

Target  Concentration 

SFd 

RME-Based  Value 

CT-Based  Value 

COPC 

(kg-dy/mg) 

(mg/kg) 

(mg/kg) 

Benzene 

3.05E-02 

2.69E+01 

2.53E+02 

k:\myrtle\tables\sstl. xls{  sddermal } 
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BENZENE 


CAS  NUMBER 
71-43-2 

COMMON  SYNONYMS 
None  noted. 

ANALYTICAL  CLASSIFICATION 
Volatile  organic. 

PHYSICAL  AND  CHEMICAL  DATA 

Water  Solubility:  1,791  mg/L  [1] 

Vapor  Pressure:  95.19  mm  Hg  at  25°C  [1] 

Henry's  Law  Constant:  5.43  x  10"3  atm-m  /mole  [1] 

Specific  Gravity:  0.879  at  15/5°C  [2] 

Organic  Carbon  Partition  Coefficient:  31  - 143  [1] 

FATE  DATA:  HALF-LIVES 

Soil:  5-16  days  [3] 

Air:  2.09-20.9  days  [3] 

Surface  Water:  5-16  days  [3] 

Groundwater:  10  days  to  2  years  [3] 

NATURAL  SOURCES 

Crude  oil,  volcanoes,  forest  fires,  and  plants  [1]. 

ARTIFICIAL  SOURCES 

Gasoline,  fuel  oils,  chemical  industry,  coke  ovens,  mining,  manufacturing,  and  cigarette 
smoke  [1]. 

FATE  AND  TRANSPORT 

Benzene  will  rapidly  volatilize  from  surface  soil  and  water.  That  which  does  not  volatilize 
from  permeable  surface  and  subsurface  soils  will  be  highly  to  very  highly  mobile,  and  can  be 
expected  to  leach  to  nearby  groundwater  which  is  not  protected  by  a  confining  layer.  It  is 
fairly  soluble,  and  will  be  carried  with  the  groundwater  to  discharge  points.  It  may  be  subject 
to  biodegradation  in  soils,  shallow  groundwater,  and  surface  water.  Benzene  will  not  be 
expected  to  significantly  adsorb  to  sediment,  bioconcentrate  in  aquatic  organisms,  or 
hydrolyze.  Photodegradation  may  be  a  significant  removal  mechanism  in  surface  water  which 
is  not  conducive  to  microbial  degradation.  Benzene  will  undergo  significant  photodegradation 
in  air,  but  may  be  washed  out  with  rain  [1]. 
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HUMAN  TOXICITY 


General.  Benzene  is  absorbed  into  the  body  following  ingestion,  inhalation,  and  dermal 
contact,  and  must  undergo  metabolic  transformation  to  exert  its  toxic  effects.  Metabolism 
occurs  primarily  in  the  liver,  and  to  a  lesser  extent,  in  the  bone  marrow  [4].  The  primary 
targets  of  benzene  toxicity  are  the  CNS  and  the  blood  [4,5].  Benzene  is  genotoxic  to  humans 
and  the  USEPA  has  placed  it  in  weight-of-evidence  cancer  group  A,  indicating  that  it  is  a 
human  carcinogen  [6]. 

Oral  Exposure.  A  chronic  oral  RfD  for  benzene  is  currently  under  review  by  the  USEPA  [6]. 
Benzene  is  readily  absorbed  following  oral  exposure.  The  lowest  reported  fatal  dose  in 
humans  is  50  mg/kg  [5].  Acute  oral  LD50  values  in  animals  include  930  to  5600  mg/kg  in 
rats,  2000  mg/kg  in  dogs,  and  4700  mg/kg  in  mice  [4,5].  Data  regarding  the  ingestion  of 
benzene  in  humans  are  limited  to  acute  overexposure.  Ingestion  of  2  mL  (29  mg/kg)  has 
resulted  in  depression  of  the  CNS,  while  ingestion  of  10  mL  (143  mg/kg)  has  been  fatal  [5]. 
The  cause  of  death  was  usually  respiratory  arrest,  CNS  depression,  or  cardiac  collapse  [4].  In 
animals,  longer-term  oral  exposure  has  resulted  in  toxic  effects  on  the  blood  (cytopenia: 
decrease  in  various  cellular  elements  of  the  blood)  and  the  immunological  system  (decreased 
white  blood  cells)  [4].  There  is  no  evidence  that  oral  exposure  to  benzene  causes  effects  on 
reproduction  and  development,  but  studies  in  animals  suggest  that  benzene  may  affect  fetal 
development  [4].  There  is  no  information  regarding  carcinogenic  effects  in  humans  following 
oral  exposure  to  benzene,  but  studies  in  animals  indicate  that  benzene  ingestion  causes  cancer 
in  various  regions  of  the  body  [4].  An  oral  slope  factor  of  0.029  (mg/kg-day)"1  is  based  on  an 
increase  in  the  incidence  of  leukemia  in  occupationally-exposed  workers  [6] .  The  oral  slope 
factor  was  extrapolated  from  the  inhalation  data. 

Inhalation  Exposure.  A  chronic  inhalation  RfC  for  benzene  is  currently  under  review  by  the 
USEPA  [6].  Benzene  is  readily  absorbed  following  inhalation  exposure.  The  lowest  reported 
fatal  concentration  in  humans  is  6380  mg/m3  for  a  5  minute  exposure  [5].  Acute  inhalation 
LC50  values  in  rats  ranged  from  10,000  ppm  for  7  hours  to  13,700  ppm  for  4  hours  [4,5]. 
Most  of  the  available  data  regarding  benzene  exposure  involve  workers  exposed  in  the 
workplace.  The  acute  effects  of  benzene  exposure  involve  the  CNS.  Brief  exposure  to 
concentrations  of  700  to  3000  ppm  can  cause  drowsiness,  dizziness,  headaches,  and 
unconsciousness,  and  exposure  to  concentrations  of  10,000  to  20,000  ppm  can  result  in  death 
[4].  In  most  cases,  the  effects  will  end  when  exposure  ceases.  The  hematopoietic  system  is 
the  primary  target  of  toxicity  following  long-term  exposure:  exposure  for  several  months  to 
years  results  in  pancytopenia  (reduction  in  red  blood  cells,  platelets,  and  white  blood  cells), 
while  continued  exposure  for  many  years  results  in  anemia  or  leukemia.  The  lowest 
concentration  resulting  in  the  hematological  effects  is  approximately  10  to  50  ppm  [5]. 
Benzene  has  been  shown  to  cause  chromosomal  aberrations  in  bone  marrow  and  lymphocytes 
in  workers  exposed  to  concentrations  >  100  ppm  [5].  Chromosomal  damage  has  been  found 
in  animals  at  concentrations  as  low  as  1  ppm  [5].  Benzene  is  not  known  to  be  teratogenic 
(cause  birth  defects)  in  humans,  but  has  been  found  to  cause  various  problems  in  the 
developing  fetus  of  animals  (low  birth  weight  and  delayed  bone  formation)  [4,5]. 
Occupational  exposure  to  benzene  has  resulted  in  leukemia  in  exposed  workers  [4,5].  An 
inhalation  unit  risk  of  8.3  x  10'6  (ug/m3)"1  is  based  on  the  incidence  of  leukemia  in 
occupationally-exposed  workers  [6] . 
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Dermal  Exposure.  Dermal  exposure  to  benzene  may  cause  redness  and  dermatitis  [4,5]. 
Systemic  effects  have  not  been  reported  following  dermal  exposure  to  benzene. 
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022/TOXPROFI/3.WW6 


TOLUENE 


CAS  NUMBER 
108-43-2 

COMMON  SYNONYMS 
Methylbenzene. 

ANALYTICAL  CLASSIFICATION 
Volatile  organic. 

PHYSICAL  AND  CHEMICAL  DATA 

Water  Solubility:  534.8  mg/L  at  25 °C  [1] 

Vapor  Pressure:  28.4  mm  Hg  at  25 °C  [1] 

Henry's  Law  Constant:  5.94  x  103  atm-m3/mole  (temperature  not  given)  [1] 

Specific  Gravity:  0.866  at  20/4 °C  [2] 

Organic  Carbon  Partition  Coefficient:  37  to  178  [1] 

FATE  DATA:  HALF-LIVES 

Soil:  4  to  22  days  [3] 

Air:  10  hours  to  4.3  days  [3] 

Surface  Water:  4  to  22  days  [3] 

Groundwater:  1  to  4  weeks  [3] 

NATURAL  SOURCES 

Volcanoes,  forest  fires,  and  crude  oil  [1]. 

ARTIFICIAL  SOURCES 

Gasoline,  fuel  oils,  automobile  exhaust,  chemical  industry,  and  paints  and  lacquers  [1]. 

FATE  AND  TRANSPORT 

Much  of  the  toluene  released  to  surface  soil  will  be  lost  due  to  volatilization.  It  is 
mobile  in  soils  and  will  leach  to  groundwater.  Biodegradation  occurs  slowly  in  soil  and 
groundwater,  but  is  inhibited  by  high  concentrations.  Under  ideal  conditions  of  low 
concentration  and  acclimated  microbial  populations,  rapid  biodegradation  may  occur. 
Losses  from  surface  water  occur  due  to  volatilization  and  biodegradation.  It  will  not 
significantly  adsorb  to  sediment  or  bioconcentrate  in  aquatic  organisms.  In  the 
atmosphere  it  will  degrade  or  be  washed  out  with  rain  [1]. 
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HUMAN  TOXICITY 


General.  Toluene  acts  primarily  on  the  central  nervous  system  [4].  The  USEPA  has 
placed  toluene  in  weight-of-evidence  group  D;  indicating  that  it  is  not  classifiable  as  to 
human  carcinogenicity  [5]. 

Oral  Exposure.  A  chronic  RfD  of  0.2  mg/kg-day  is  based  on  a  NOAEL  of  223  mg/kg- 
day  for  changes  in  liver  and  kidney  weights  in  a  subchronic  oral  study  in  rats.  The 
LOAEL  in  this  study  was  a  dose  of  446  mg/kg-day  [5].  Toluene  is  absorbed  more 
slowly  from  the  gastrointestinal  tract  than  from  the  lungs  [6] .  The  acute  oral  LD50  for 
adult  rats  is  in  the  range  of  5,000  to  7,300  mg/kg  [4,6].  Brain  damage  was  noted  in 
mice  receiving  1,250  mg/kg-day  by  gavage  for  13  weeks  [6]. 

Inhalation  Exposure.  The  RfC  of  0.4  mg/m3  is  based  on  a  LOAEL  of  88  ppm  for  CNS 
effects  observed  in  humans  following  inhalation  exposure  [5].  Toluene  is  rapidly 
absorbed  following  inhalation  by  humans  and  animals  [6] .  The  inhalation  LC30  in  mice 
is  5,300  ppm  for  an  8-hour  exposure.  Exposure  of  humans  by  inhalation  to  200  ppm 
for  8  hours  produced  mild  fatigue,  weakness,  confusion,  lacrimation,  and  tingling  of 
the  skin.  At  600  ppm,  additional  effects  included  euphoria,  headache,  dizziness, 
dilated  pupils,  convulsions,  and  nausea.  After  8  hours  at  800  ppm,  symptoms  were 
more  pronounced;  effects  included  nervousness,  muscular  fatigue,  and  insomnia 
persisting  for  several  days.  Exposure  to  concentrations  of  10,000  to  30,000  ppm  could 
lead  to  narcosis  and  death.  Chronic  abusive  inhalation  of  toluene  vapors  by  humans 
produces  CNS  impairment,  and  emotional  and  intellectual  disturbances.  Uptake  in  the 
various  brain  regions  is  widespread  due  to  the  high  lipid  solubility  of  toluene  and  the 
high  lipid  content  of  the  brain.  Effects  on  animals  following  high  levels  of  exposure 
include  hearing  loss,  kidney  effects,  and  lung  lesions.  High  level  oral  intake  by 
animals  has  resulted  in  weight  increases  in  the  liver  and  kidney,  and  brain  tissue 
damage  [4]. 

Dermal  Exposure.  The  absorption  of  toluene  through  human  skin  is  slow,  falling  within 
the  range  of  14  to  23  mg/cm2/hour.  Dermal  contact  with  toluene  by  humans  may  cause 
skin  damage.  Application  of  toluene  to  the  eyes  of  rabbits  reportedly  resulted  in 
moderately  severe  injury  [6] . 
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ETHYLBENZENE 


CAS  NUMBER 
100-41-4 

COMMON  SYNONYMS 
None  noted. 

ANALYTICAL  CLASSIFICATION 
Volatile  organic. 

PHYSICAL  AND  CHEMICAL  DATA 

Water  Solubility:  161  mg/L  at  25°C  [1] 

Vapor  Pressure:  9.53  mm  Hg  at  25°C  [1] 

Henry's  Law  Constant:  8.44  x  10'3  atm-m  /mole  [1] 

Specific  Gravity:  0.87  at  25/25°C  [2] 

Organic  Carbon  Partition  Coefficient:  871  [1] 

FATE  DATA:  HALF-LIVES 

Soil:  3  to  10  days  [3] 

Air:  8.56  hours  to  3.57  days  [3] 

Surface  Water:  3  to  10  days  [3] 

Groundwater:  6  to  228  days  [3] 

NATURAL  SOURCES 
Coal  tar  and  petroleum  [4], 

ARTIFICIAL  SOURCES 

Manufacture  of  styrene,  solvent,  petroleum  refining,  vaporization/spills  of  gasoline  and 
diesel  fuel,  auto  emissions,  paints,  inks,  insecticides,  and  cigarette  smoke  [1,2,4]. 

FATE  AND  TRANSPORT 

Ethylbenzene  released  to  surface  soils  will  probably  undergo  partial  volatilization  and, 
given  its  limited  ability  to  sorb  to  soils  (KoC  =  871),  leach  to  groundwater.  Evidence 
suggests  that  this  material  undergoes  biodegradation  in  groundwater,  and  may  also  do 
so  in  soils  if  the  initial  loading  doesn't  prove  toxic  to  soil-based  microorganisms.  If 
released  to  surface  waters,  ethylbenzene  is  expected  to  volatilize  fairly  readily.  As  with 
groundwater,  rapid  biodegradation  can  be  predicted  after  an  initial  acclimation  period. 
Ethylbenzene  shows  only  a  slight  to  moderate  tendency  to  adsorb  to  soils  and  sediments 
in  water.  Bioconcentration  in  aquatic  organisms  is  not  expected  to  be  significant  (BCF 
=  145).  Ethylbenzene  is  expected  to  exist  in  the  atmosphere  primarily  as  a  vapor, 
based  upon  its  vapor  pressure  value  (9.53  mm  Hg).  Principally,  ethylbenzene  will  be 
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removed  from  the  atmosphere  via  reaction  with  hydroxyl  radicals;  some  washout  via 
rainfall  may  be  expected  [1]. 

HUMAN  TOXICITY 

General.  Humans  exposed  to  ethylbenzene  may  experience  eye  and  throat  irritation, 
decreased  movement,  and  dizziness.  Studies  in  animals  have  shown  liver  and  kidney 
damage,  nervous  system  changes,  and  blood  changes  [4].  The  USEPA  has  placed 
ethylbenzene  in  weight-of-evidence  group  D,  indicating  that  it  is  not  classifiable  as  to 
human  carcinogenicity  [5]. 

Oral  Exposure.  A  chronic  RfD  of  0.1  mg/kg-day  is  based  on  a  NOEL  of  97.1  mg/kg- 
day  and  a  LOAEL  of  291  mg/kg-day  determined  for  liver  and  kidney  toxicity  in  a  rat 
subchronic  to  chronic  oral  bioassay  [5] .  Studies  in  animals  revealed  that  ethylbenzene 
is  quickly  and  effectively  absorbed  following  oral  exposure.  The  oral  (gavage)  LD50  in 
rats  is  reported  to  be  4,728  mg/kg.  No  information  was  located  regarding  death  or 
health  effects  in  humans  following  oral  exposure  [4]. 

Inhalation  Exposure.  The  RfC  of  1  mg/m3  is  based  on  a  NOAEL  of  434  mg/m3 
determined  for  developmental  toxicity  in  rats  and  rabbits  exposed  via  inhalation  [5], 
Ethylbenzene  is  rapidly  and  efficiently  absorbed  via  inhalation  in  humans  and  animals. 
A  4-hour  LC50  of  4,000  ppm  was  reported  for  rats.  Exposure-related  adverse  effects  in 
animals  included  those  to  the  liver  and  kidneys,  eye  irritation,  profuse  lacrimation, 
CNS  depression,  and  ataxia.  No  deaths  were  reported  for  humans  following  inhalation 
of  ethylbenzene.  The  effects  observed  in  humans  included  pulmonary  and  ocular 
irritation,  profuse  lacrimation,  chest  constriction,  dizziness,  vertigo,  and  possible 
hematological  alterations.  Exposure  of  pregnant  rats  to  levels  above  138  ppm  for 
24  hours/day  for  9  days  had  adverse  developmental  effects  [4] . 

Dermal  Exposure.  Liquid  ethylbenzene  is  rapidly  absorbed  through  the  skin;  however, 
absorption  of  vapors  through  the  skin  is  minimal.  The  dermal  LD50  in  rabbits  for 
liquid  ethylbenzene  was  reportedly  15,415  mg/kg.  Ethylbenzene  appears  to  be  a  slight 
eye  irritant  in  rabbits  [4]. 
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XYLENES 


CAS  NUMBER 
1330-20-7 

COMMON  SYNONYMS 
Xylene. 

Note:  There  are  three  isomers  (forms)  of  xylene:  ortho,  meta,  and  para,  also  known  as 
1,2-,  1,3-,  and  1,4-xylene,  respectively. 

ANALYTICAL  CLASSIFICATION 

Volatile  organic. 

PHYSICAL  AND  CHEMICAL  DATA 

Water  Solubility:  146  -  175  mg/L  at  25  °C  [1] 

Vapor  Pressure:  6.6  -  8.7  mm  Hg  at  25 °C  [1] 

Henry's  Law  Constant:  5.1  x  103  to  7.7  x  10-3  atm-m3/mole  at  25°C  [2] 

Specific  Gravity:  0.880  at  20/4 °C  (o-xylene)  [3] 

Organic  Carbon  Partition  Coefficient:  25.4  -  204  [1] 

FATE  DATA:  HALF-LIVES 

Soil:  1-4  weeks  [4] 

Air:  2.6  hours  -  1.8  days  [4] 

Surface  Water:  1-4  weeks  [4] 

Groundwater:  2  weeks  -  1  year  [4] 

NATURAL  SOURCES 

All  three  isomers  of  xylene  occur  in  petroleum.  1,2-Xylene  is  found  additionally  in 
coal  tar,  forest  fire  products,  and  plants  [1]. 

ARTIFICIAL  SOURCES 

Gasoline,  fuel  oils,  and  their  combustion  products.  Petroleum  refining,  chemical 
industry;  aerosols  of  paints,  varnishes,  and  shellacs.  Wood-burning  stoves  and 
fireplaces  [1]. 

FATE  AND  TRANSPORT 

Xylenes  are  moderately  mobile  in  soil  and  may  leach  to  groundwater  where  they  are 
known  to  persist  for  several  years  despite  evidence  of  biodegradation  in  both  soil  and 
groundwater.  The  dominant  removal  process  in  surface  water  is  volatilization,  but  this 
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is  not  a  rapid  process.  Some  adsorption  to  sediment  will  occur.  Once  released  to  the 
atmosphere,  xylenes  will  undergo  photochemical  degradation  at  a  moderate  rate  [1]. 

HUMAN  TOXICITY 

General.  The  primary  target  of  xylenes  toxicity  is  the  central  nervous  system  [2,5]. 
Xylenes  are  considered  to  be  nongenotoxic.  The  USEPA  has  placed  xylenes  in  weight- 
of-evidence  cancer  group  D,  indicating  that  they  are  not  classifiable  as  to  human 
carcinogenicity  [6]. 

Oral  Exposure.  A  chronic  oral  RfD  of  2  mg/kg-day  is  based  on  a  NOAEL  of  250 
mg/kg-day  for  hyperactivity,  decreased  body  weight  and  increased  male  mortality  in  a 
chronic  study  in  rats  [6].  Acute  oral  LD50  values  for  xylenes  ranged  from  3523  to 
8600  mg/kg  in  rats  and  5251  to  5627  mg/kg  in  mice  [2,5].  Death  in  humans  has  been 
reported  following  the  ingestion  of  xylenes,  but  the  fatal  dose  is  not  known  [2]. 
Reports  of  the  ingestion  of  xylenes  in  humans  are  generally  lacking.  In  animals,  oral 
exposure  to  xylenes  results  in  effects  on  the  liver  (increased  liver  enzymes  and  weight), 
the  kidenys  (increased  kidney  weight),  and  the  nervous  system  (impairment  of  visual 
function  and  hyperactivity)  [4].  Information  is  not  available  regarding  the  effects  of 
ingested  xylene  on  reproduction  or  development  in  humans,  and  the  results  of 
developmental  studies  in  animals  are  inconclusive  [2].  There  is  no  conclusive  evidence 
that  oral  exposure  to  xylenes  causes  cancer  in  humans  or  animals,  therefore,  an  oral 
slope  factor  is  not  available  [6]. 

Inhalation  Exposure.  An  inhalation  RfC  for  mixed  xylenes  is  considered  non-verifiable 
by  the  USEPA  [7].  Xylenes  are  readily  absorbed  following  inhalation  exposure.  Acute 
inhalation  LC50  values  of  6350  to  6700  ppm  (4-hour  exposure)  were  reported  in  rats 
for  mixed  xylenes  [2].  LC50  values  for  the  separate  isomers  are  comparable  to  the 
mixture.  Cause  of  death  was  usually  respiratory  failure  and/or  sudden  ventricular 
fibrillation.  In  humans,  inhalation  of  approximately  10,000  ppm  xylenes  has  been  fatal 
[2].  Exposure  of  humans  to  90  ppm  xylene  has  produced  impairment  of  reaction  time, 
manual  coordination  and  body  balance  [5].  Brief  exposure  to  concentrations  of  200 
ppm  has  caused  irritation  of  the  eyes,  nose,  and  throat,  and  exposure  to  concentrations 
above  200  ppm  has  resulted  in  nausea,  vomiting,  abdominal  pain,  and  loss  of  appetite 

[5] .  Long-term,  high-level,  occupational  exposure  to  xylenes  (>200  ppm)  has  resulted 
in  CNS  effects,  incoordination,  nausea,  vomiting,  and  abdominal  pain  [5].  Studies  in 
laboratory  animals  suggest  that  xylenes  have  a  relatively  low  chronic  toxicity.  Some 
data  in  animals  suggest  possible  kidney  and  liver  impairment  with  high  level  inhalation 
exposures  (>1000  ppm)  [5].  Information  regarding  the  effects  of  xylenes  on  human 
reproduction  and  development  are  not  available,  but  teratogenicity,  fetotoxicity,  and 
maternal  toxicity  have  been  observed  in  animals  [2,5].  Xylenes  have  been  found  to 
cross  the  human  placenta,  therefore,  there  is  sufficient  reason  for  concern  for  pregnant 
women  who  are  exposed  to  xylenes  [2,5].  It  is  not  known  whether  inhaled  xylenes 
cause  cancer  in  humans  or  animals,  therefore,  an  inhalation  unit  risk  is  not  available 

[6] . 

Dermal  Exposure.  Acute  dermal  LD50  values  in  rabbits  of  14.1  ml/kg  and  greater  than 
5.0  ml/kg  are  reported  for  m-xylene  and  mixed  xylenes,  respectively  [5],  Xylene  is  a 
skin  irritant  and  causes  redness,  defatting,  and  dryness.  Vesicles  may  form  following 
prolonged  skin  contact  [2,5]. 


022/TOXPROFI/26.WW6 


REFERENCES 


1.  Howard,  P.H.,  1990.  Handbook  of  Environmental  Fate  and  Exposure  Data  For 
Organic  Chemicals,  Vol.  II:  Solvents.  Lewis  Publishers,  Inc.  Chelsea,  Michigan. 
546  pp. 

2.  ATSDR,  1990.  Toxicological  Profile  for  Total  Xylenes.  Agency  for  Toxic 
Substances  and  Disease  Registry.  USPHS/USEPA.  December  1990. 

3.  Merck,  1989.  The  Merck  Index.  Eleventh  Edition.  Merck  &  Company,  Inc. 
Rahway,  NJ. 

4.  Howard,  P.H.,  R.S.  Boethling,  W.F.  Jarvis,  W.M.  Meylan,  and  E.M. 
Michalenko,  1991.  Handbook  of  Environmental  Degradation  Rates.  Lewis 
Publishers.  Chelsea,  Michigan. 

5.  Arthur  D.  Little,  Inc.,  1989.  The  Installation  Restoration  Program  Toxicology 
Guide.  Volume  2.  Cambridge,  MA.  July  1989. 

6.  USEPA,  1995.  Integrated  Risk  Information  system  (IRIS).  Database.  Online. 

7.  USEPA,  1994.  Health  Effects  Assessment  Summary  Tables  (HEAST).  Office  of 
Emergency  and  Remedial  Response.  OHEA  ECAO-CIN-909.  March,  1994. 


022/TOXPROFI/26.WW6 


CHLOROBENZENE 


CAS  NUMBER 
108-90-7 

COMMON  SYNONYMS 
Monochlorobenzene,  Benzene  chloride. 

ANALYTICAL  CLASSIFICATION 
Volatile  organic. 

PHYSICAL  AND  CHEMICAL  DATA 

Water  Solubility:  471.7  mg/L  at  25 °C  [2] 

Vapor  Pressure:  11.9  mm  Hg  at  25 °C  [2] 

Henry's  Law  Constant:  3.45  x  103  atm-m3/mole  [2] 

Specific  Gravity:  1.11  at  20/4°C  [1] 

Organic  Carbon  Partition  Coefficient:  83  to  389  [2] 

FATE  DATA:  HALF-LIVES 

Soil:  68  to  150  days  [3] 

Air:  3.0  to  30.4  days  [3] 

Surface  Water:  68  to  150  days  [3] 

Groundwater:  136  to  300  days  [3] 

NATURAL  SOURCES 
None  noted. 

ARTIFICIAL  SOURCES 

Manufacture  of  pesticides  (i.e.,  aniline  and  DDT),  phenol;  degreaser;  solvent;  and  a 
heat  transfer  medium  [1,2]. 

FATE  AND  TRANSPORT 

Chlorobenzene  released  to  moist  soils  will  volatilize  fairly  readily.  Releases  to  sandy 
or  dry  soils,  however,  can  be  expected  to  leach  to  groundwater.  Once  in  groundwater, 
chlorobenzene  will  undergo  slow  biodegradation  to  2-chlorophenol  and/or  4- 
chlorophenol  (among  others).  If  released  to  surface  water,  the  primary  removal 
mechanism  will  be  volatilization.  Biodegradation  of  this  material  will  occur  in  surface 
water;  rapidity  increases  with  increasing  temperature  and  decreasing  salinity. 
Chlorobenzene  is  not  expected  to  bioconcentrate  at  significant  levels  among  most 
aquatic  species,  although  the  BCF  of  447  observed  in  fathead  minnows  indicates 
bioconcentratibility  in  select  species.  The  Koc  value  suggests  only  slight  to  moderate 
adsorptive  tendencies  to  soils  and  sediments  in  water.  Chlorobenzene  is  expected  to 
exist  almost  entirely  in  the  vapor  phase  in  the  atmosphere.  The  dominant  mechanism 
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for  removal  of  chlorobenzene  from  the  atmosphere  is  reaction  with  hydroxyl  radicals, 
with  the  resultant  production  of  chlorophenols.  Reaction  with  nitrous  oxides  (in 
polluted  air)  may  also  occur,  with  the  production  of  chloronitrobenzenes  and 
chloronitrophenols.  Photolysis  may  occur,  but  at  a  rate  much  slower  than  previously 
discussed  atmospheric  reactions  [2]. 

HUMAN  TOXICITY 

General.  People  exposed  to  chlorobenzene  have  experienced  headaches,  numbness, 
sleepiness,  nausea,  and  vomiting.  Chlorobenzene  has  been  shown  to  affect  the  brain, 
liver,  and  kidneys  in  animals  [4],  The  USEPA  has  placed  chlorobenzene  in  weight-of- 
evidence  group  D,  indicating  that  it  is  not  classifiable  as  to  human  carcinogenicity  [5]. 

Oral  Exposure.  A  chronic  RfD  of  0.02  mg/kg -day  is  based  on  a  NOAEL  of  19  mg/kg- 
day  and  a  LOAEL  of  54  mg/kg-day  determined  for  histopathologic  changes  in  the  liver 
following  subchronic  oral  (capsule)  administration  to  dogs  [5].  The  limited  data 
available  indicates  that  chlorobenzene  is  absorbed  from  the  gastrointestinal  tract.  A 
single  human  subject  was  found  to  absorb  at  least  31%  of  an  administered  dose,  while 
rats  were  found  to  absorb  at  least  18%  of  an  administered  dose.  A  single  dose  of 
4,000  mg/kg  caused  death  in  rats.  A  dose  rate  of  1,000  mg/kg-day  for  14  days  was 
lethal  to  all  rats  tested.  Liver  and  kidney  damage  has  been  noted  in  animals  following 
oral  exposure.  There  is  little  information  on  oral  exposures  in  humans.  One  case  was 
reported  of  a  2-year-old  child  who  ingested  5  to  10  mL  of  chlorobenzene,  and  became 
unconscious,  cyanotic,  and  had  muscle  spasms.  The  child  recovered  uneventfully  [4], 
The  dose  in  the  latter  case  can  be  estimated  at  approximately  344  to  688  mg/kg. 

Inhalation  Exposure.  A  chronic  RfC  of  0.02  mg/m3  is  based  on  a  LOAEL  of  75  ppm 
determined  for  liver  and  kidney  effects  in  a  subchronic  rat  inhalation  study  [6]. 
Chlorobenzene  is  absorbed  via  inhalation  in  humans  and  animals.  Humans  exposed  to 
0.5  to  0.84  ppm  were  found  to  absorb  between  38%  and  45%  of  the  administered  dose. 
Exposure  to  a  concentration  of  200  mg/m3  chlorobenzene  for  2  hours  was  lethal  to  all 
mice  tested.  Rabbits  died  2  weeks  after  exposure  to  a  concentration  of  approximately 
2.5  mg/m3.  Some  adverse  effects  on  the  liver  and  kidney  in  animals  were  noted.  Little 
information  was  available  regarding  the  health  effects  of  chlorobenzene  in  humans 
following  inhalation  exposure.  Humans  occupationally  exposed  for  up  to  2  years 
displayed  signs  of  neurotoxicity  including  numbness,  cyanosis,  hyperesthesia,  and 
muscle  spasms  [4]. 

Dermal  Exposure.  No  information  was  located  regarding  dermal  exposure  to 
chlorobenzene  in  humans  or  animals  [4] . 
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NAPHTHALENE 

2-METHYLNAPHTHALENE 


GENERAL 

There  is  relatively  little  information  available  on  2-methylnaphthalene  as  compared  to 
naphthalene.  Therefore,  all  information  below  refers  to  naphthalene  unless  explicitly 
stated  otherwise. 

CAS  NUMBERS 

Naphthalene  91-20-3 

2-Methylnaphthalene  91-57-6 

COMMON  SYNONYMS 

Naphthalene:  Naphthene,  Tar  Camphor. 

2-Methylnaphthalene :  Beta-methylnaphthalene 

ANALYTICAL  CLASSIFICATION 

Semivolatile  organic. 

PHYSICAL  AND  CHEMICAL  DATA 


Water  Solubility  (mg/L  at  20°C)  [1] 

Vapor  Pressure  (mm  Hg  at  25  °C)  [1] 

Henry's  Law  Constant  (atm-m3/mole)  [1] 

Specific  Gravity  (20/4°C)  [1] 

Organic  Carbon  Partition  Coefficient  [1] 

FATE  DATA:  HALF-LIVES  (HRS) 

Soil:  16.6  to  48  days  [2] 

Air:  2.96  to  29.6  hours  [2] 

Surface  Water:  12  hours  to  20  days  [2] 

Groundwater:  1  to  288  days  [2] 

NATURAL  SOURCES 

Crude  oil;  and  natural  and  uncontrolled  combustion  (i.e.,  forest  fires)  [3,4]. 

ARTIFICIAL  SOURCES 

Naphthalene:  Petroleum  refining,  mothball  use  and  manufacture,  coal  tar  distillation, 
pitch  fumes,  chemical  intermediate  (i.e.,  phthalic  anhydride  manufacture),  vehicle 


Naphthalene  2-Methylnaphthalene 


31.7 

NA 

0.087 

NA 

4.6  x  10-4 

NA 

1.145 

1.0058 

933 

NA 
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emissions,  combustion  processes  (i.e.,  refuse  combustion),  tobacco  smoke,  and  oil 
spillage  [3,4]. 


2-Methvlnaphthalene :  Synthesis  of  organic  compounds  such  as  insecticides,  and 
releases  from  gasoline  due  to  its  use  as  an  additive  [1,5]. 

FATE  AND  TRANSPORT 

Naphthalene's  sorption  to  soil  ranges  from  low  to  moderate,  depending  upon  the 
organic  carbon  content  of  the  soil,  and  will  leach  rapidly  through  sandy  soils. 
Volatilization  from  the  uppermost  soil  layer  will  be  important,  but  will  lessen  in 
importance  with  soil  depth.  In  addition,  volatilization  from  moisture-saturated  soil  is 
not  expected  to  be  important.  Biodegradation  is  expected  to  be  rapid  in  soils  previously 
contacted  with  other  polycyclic  aromatic  hydrocarbons  (PAHs),  but  slow  in  "virgin" 
soils  [3]. 

Volatilization,  photolysis,  sorption  (to  suspended  solids,  sediments,  etc.),  and 
biodegradation  are  the  primary  removal  mechanisms  for  naphthalene  in  waters.  The 
actual  predominant  mechanisms  change  with  variations  in  several  factors  (i.e.,  water 
flow  rate,  level  of  sediments/suspended  soils,  water  clarity,  etc.)  In  addition, 
biodegradation  rates  of  naphthalene  in  water  vary  with  changes  in  concentration  of 
naphthalene  (higher  concentrations  yield  higher  rates),  "virgin"  versus  oil-polluted 
water  (quicker  in  oil-polluted  waters),  actual  pollution  site  (more  rapid  biodegradation 
in  sediments  than  waters),  aerobic  versus  anaerobic  conditions  (no  biodegradation  in 
anaerobic  conditions),  and  so  on.  Bioconcentration  in  aquatic  organisms  is  expected  to 
be  moderate,  except  for  accelerated  bioconcentration  in  organisms  lacking  an  aryl 
hydroxylase  enzyme  system  (i.e.  phytoplankton,  snails,  and  mussels).  Naphthalene  in 
the  atmosphere  reacts  during  daylight  hours  with  hydroxyl  radicals,  and  during 
nighttime  hours  with  nitrate  radicals.  Photolysis  is  also  expected  to  occur  in  the 
atmosphere  [3]. 

HUMAN  TOXICITY 

General.  The  breakdown  of  red  blood  cells  is  the  primary  health  concern  for  humans 
exposed  to  naphthalene.  Human  deaths  following  ingestion  have  occurred  [1].  The 
USEPA  has  placed  naphthalene  in  weight-of-evidence  group  D,  indicating  that  it  is  not 
classifiable  as  to  human  carcinogenicity  [6].  The  USEPA  does  not  currently  provide 
any  toxicity  values  for  2-methylnaphthalene  [7,8]. 

Oral  Exposure.  Both  the  chronic  and  subchronic  RfDs  for  naphthalene  of  0.04  mg/kg- 
day  are  based  on  a  NOEL  of  50  mg/kg-day  for  decreased  body  weight  observed  in  a 
subchronic  oral  (gavage)  study  in  rats  [7],  Clinical  evidence  indicates  that  naphthalene 
is  absorbed  by  humans  in  significant  quantities  via  the  oral  exposure  route.  The  oral 
LD50  reported  for  naphthalene  in  rats  ranges  from  2,200  to  2,400  mg/kg  in  rats  [1]. 
The  oral  LD50  reported  for  2-methylnaphthalene  in  rats  is  1,630  mg/kg  [5].  Lethal 
doses  of  naphthalene  in  humans  have  ranged  from  as  low  as  74  mg/kg  to  as  high  as 
574  mg/kg  [1,8].  Ocular  damage  has  been  documented  in  humans  and  animals 
following  oral  exposure  [1].  Symptoms  of  intoxication  include:  nausea,  vomiting, 
headache,  diaphoresis,  hematuria,  hemolytic  anemia,  fever,  CNS  depression,  hepatic 
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necrosis,  jaundice,  convulsions,  and  coma  [1,2,9].  Administration  of  300  mg/kg-day 
to  pregnant  mice  resulted  in  a  decrease  in  the  number  of  live  pups  per  litter  [1]. 

Inhalation  Exposure.  An  inhalation  RfC  was  not  reported  for  naphthalene  [6,7]. 
Clinical  reports  suggest  that  inhaled  naphthalene  may  be  absorbed  in  sufficient  quantity 
to  produce  adverse  health  effects  in  humans;  however,  no  quantitative  absorption  data 
were  located  for  humans  or  animals.  One  study  reported  a  NOAEL  of  78  ppm  for  a  4- 
hour  exposure  for  rats.  Symptoms  and  effects  of  inhalation  exposure  in  humans 
include:  headache,  nausea,  vomiting,  abdominal  pain,  malaise,  confusion,  anemia, 
jaundice,  and  renal  disease.  No  information  was  found  regarding  developmental  and 
reproductive  effects  [1]. 

Dermal  Exposure.  Limited  evidence  in  human  infants  indicate  that  hemolytic  anemia 
may  have  resulted  from  dermal  exposure  to  an  unknown  quantity  of  naphthalene.  A 
NOAEL  of  2,500  mg/kg  was  reported  for  rats.  Naphthalene  is  a  mild  dermal  and 
ocular  irritant  [1] . 
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1,2,4-TRIMETHYLBENZENE 


CAS  NUMBER 
95-63-6 

COMMON  SYNONYMS 
Pseudocumene. 

ANALYTICAL  CLASSIFICATION 
Volatile  organic. 

PHYSICAL  AND  CHEMICAL  DATA 

Water  Solubility:  Insoluble 
Vapor  Pressure:  NA  _ 

Henry's  Law  Constant:  5  x  10  atm-m  /mole  [1] 

Specific  Gravity:  0.8761  at  20°C  [1] 

Organic  Carbon  Partition  Coefficient:  2150  [1] 

FATE  DATA:  HALF-LIVES 

Soil:  NA 
Air:  NA 

Surface  Water:  NA 
Groundwater:  NA 

NATURAL  SOURCES 

Naturally  occurring  in  coal  tar  and  petroleum  products  [1]. 

ARTIFICIAL  SOURCES 

Used  in  the  manufacture  of  dyes,  perfumes,  and  resins;  used  as  a  solvent  and  paint 
thinner  [1]. 

FATE  AND  TRANSPORT 

No  information  was  found  regarding  the  fate  and  transport  of  1,2,4-trimethylbenzene 
(1,2,4-TMB). 

HUMAN  TOXICITY 

General  The  relevant  routes  of  exposure  to  1,2,4-TMB  are  via  inhalation  and 
potentially  dermal  contact.  The  CNS,  respiratory  system,  and  the  liver  are  the  primary 
targets  of  1,2,4-TMB  toxicity  [1]. 
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Oral  Exposure.  A  chronic  RfD  for  1,2,4-TMB  is  currently  not  available  from  the 
USEPA  [1].  Information  regarding  toxic  effects  in  humans  or  animals  following  oral 
exposure  to  1,2,4-TMB  are  not  available  [1]. 

Inhalation  Exposure.  A  chronic  inhalation  RfC  for  1,2,4-TMB  is  currently  not 
available  from  the  USEPA  [1].  Information  regarding  toxic  effects  in  humans  or 
animals  following  inhalation  exposure  to  1,2,4-TMB  are  not  available  [1]. 

Dermal  Exposure.  1,2,4-TMB  is  a  known  skin  irritant  [1],  No  other  information  was 
located  regarding  dermal  exposure  to  1,2,4-TMB  in  humans  or  animals  [1]. 

REFERENCES 

1.  USEPA,  1996.  Hazardous  Substance  Data  Base  (HSDB).  Online.  Database. 
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1 ,3 ,5-TRIMETHYLBENZENE 


CAS  NUMBER 
108-67-8 

COMMON  SYNONYMS 
Mesitylene. 

ANALYTICAL  CLASSIFICATION 
Volatile  organic. 

PHYSICAL  AND  CHEMICAL  DATA 

Water  Solubility:  Insoluble 

Vapor  Pressure:  1.86  mm  Hg  at  20°C  [1] 

Henry's  Law  Constant:  5  x  10  atm-m  /mole  [1] 

Specific  Gravity:  0.8637  at20°C  [1] 

Organic  Carbon  Partition  Coefficient:  2150  [1] 

FATE  DATA:  HALF-LIVES 

Soil:  NA 
Air:  NA 

Surface  Water:  NA 
Groundwater:  NA 

NATURAL  SOURCES 

Naturally  occurring  in  coal  tar  and  petroleum  crudes  [1]. 
ARTIFICIAL  SOURCES 

Used  as  a  dyestuff  intermediate,  solvent,  and  paint  thinner  [1]. 


FATE  AND  TRANSPORT 

No  information  was  found  regarding  the  fate  and  transport  of  1,3,5-trimethylbenzene 
(1,3,5-TMB). 


HUMAN  TOXICITY 

General.  The  relevant  routes  of  exposure  to  1,3,5-TMB  are  via  “?alatl°nTf^ 
potentially  dermal  contact.  The  skin  and  lungs  are  the  primary  targets  of  1,3 ,5-1  mb 

toxicity  [1]. 

Oral  Exposure.  A  chronic  RfD  for  1,3,5-TMB  is  currently  not .available :  from  die 
USEPA  [1].  Information  regarding  toxic  effects  in  humans  and  animals  fol  0 
exposure  to  1,3,5-TMB  are  not  available  [1]. 
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Inhalation  Exposure.  A  chronic  RfC  for  1,3,5-TMB  is  currently  not  available  from  the 
USEPA  [1].  Information  regarding  toxic  effects  in  humans  or  animals  following 
inhalation  exposure  to  1,3,5-TMB  are  not  available  [1]. 

Dermal  Exposure.  1,3,5-TMB  is  a  known  skin  irritant  [1].  No  other  information  was 
located  regarding  dermal  exposure  to  1,3,5-TMB  in  humans  or  animals  [1]. 

REFERENCES 

1.  USEPA,  1996.  Hazardous  Substance  Data  Base  (HSDB).  Online.  Database. 
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APPENDIX  H 


SOURCE  REDUCTION  TECHNOLOGY  PILOT-TEST 
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Moisture:  Average  moisture  result  from  laboratory  analysis  of  initial  soil  samples. 

Assume:  Soil  properties  are  specified  from  Table  1.4.  (Ref.  Foundation 

Engineering,  Peck,  Hanson,  and  Thornburn,  John  Wiley  Press,  1974) 
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@  AIR  TOXICS  LTD. 

AN  ENVIRONMENTAL  ANALYTICAL  LABORATORY 


WORK  ORDER#:  9510285 

Work  Order  Summary 


CLIENT:  Mr.  Steve  Archabal 

Parsons  Engineering  Science 
1700  Broadway,  Suite  900 
Denver,  CO  80290 


PHONE:  303-831-8100 

FAX:  303-831-8208 

DATE  RECEIVED:  10/25/95 

DATE  COMPLETED:  11/6/95 


BILL  TO:  Same 


INVOICE#  8569 

P.O.  #  725522.03000 

PROJECT  #  725522.03000  Mogas  Site  Myrtle  Beach,  SC 
AMOUNTS:  $563.54 


FRACTION# 

01A 

02A 

03A 

04A 

05A 

05B 


NAME 

VRV1-E1-MB 

VRV1-I1-MB 

VRV1-E2-MB 

VRV1-I2-MB 

Lab  Blank 

Lab  Blank 


TEST 

RECEIPT 

VAC./PRES. 

PRICE 

TO-3 

0  "Hg 

$120.00  ~ 

TO-3 

2.0  "Hg 

$120.00 

TO-3 

0.5  "Hg 

$120.00 

TO-3 

0.5  "Hg 

$120.00 

TO-3 

NA 

NC 

TO-3 

NA 

NC 

Misc.  Charges  1  Liter  Summa  Canister  Preparation  (4)  @  $10.00  each. 

Shipping  (10/17/95) 


$40.00 

$43.54 


CERTIFIED  BY 


Laboratory  Director 


DATE:  ilj_ 


180  BLUE  RAVINE  ROAD,  SUITE  B  FOLSOM,  CA  95630 
(916)  985-1000  •  (800)  985-5955  •  FAX  (916)  985-1020 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  VRV1-I1-MB 
ID#:  9510285-02A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PID 


'File  Name:;  j 
Dll,  Factor:: 


6102710 
;^5400 


Date  of  Collection:  10/21/95 
,  Dateof  Analysis:  10/27/95 


Det.  Limit  Det.  Limit  Amount  Amount 


Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

Benzene 

5.4 

18 

2300 

7500 

Toluene 

5.4 

21 

1800 

6900 

Ethyl  Benzene 

5.4 

24 

150 

660 

Total  Xylenes 

5.4 

24 

420 

1800 

TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 


* 

(Quantitated  as  Gasoline) 

File  Name:  6102710 

Date  of  Collection 

:  10/21/95 

Dil.  Factor:  5400 

V  T/' 

Date  of  Analysis: 

10/27/95 

Det.  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

TPH*  (C2+  Hydrocarbons) 

54 

220 

180000 

750000 

*TPH  referenced  to  Gasoline  (MW=100) 


Container  Type:  1  Liter  Summa  Canister 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  VRV1-E2-MB 
ID#:  95 10285-03 A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PID 

File  Name:  6110105  Date  of  Collection:  10/24/95 

Dll.  Factor:  6.4  Date  of  Analysis:  10/31/95 

Det.  Limit  Det.  Limit  Amount  Amount 


Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

Benzene 

0.006 

0.019 

0.86 

2.8 

Toluene 

0.006 

0.023 

0.59 

2.2 

Ethyl  Benzene 

0.006 

0.026 

0.36 

1.6 

Total  Xylenes 

0.006 

0.026 

0.50  M 

2.2  M 

TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 

(Quantitated  as  Gasoline) 


File  Name: 

6110105 

Date  of  Collection: 

10/24/95 

Dil.  Factor: 

6.4 

Date  of  Analysis:  10/31/95 

Det.  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

TPH*  (C2-C4  Hydrocarbons) 

0.064 

0.27 

1900 

7900 

TPH*  (C5+  Hydrocarbons) 

0.064 

0.27 

640 

2700 

*TPH  referenced  to  Gasoline  (MW=100) 


M  =  Reported  value  may  be  biased  due  to  apparent  matrix  interferences. 
Container  Type:  1  Liter  Summa  Canister 
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AIR  TOXICS  LTD. 

SAMPLE  NAME:  VRV1-I2-MB 
ID#:  9510285-04A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PID 


File  Name: 
Dil.  Factor: 


Det.  Limit  Det.  Limit  Amount  Amount 


Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

Benzene 

5.1 

17 

8000 

26000 

Toluene 

5.1 

20 

8400 

32000 

Ethyl  Benzene 

5.1 

23 

1200 

5300 

Total  Xylenes 

5.1 

23 

380 

1700 

TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 

(Quantitated  as  Gasoline) 


File  Name: 

Dil.  Factor: 

6110107 

5100 

511111 

Date  of  Collection:  10/24/95 

:•  •  ••  ' .  '  ■  v.  .  •  ••• 

Date  of  Analysis:  10/31/95 

Det.  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

9 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

TPH*  (C2+  Hydrocarbons) 

51 

210 

35000 

140000 

*TPH  referenced  to  Gasoline  (MW=100) 


Container  Type:  1  Liter  Summa  Canister 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  Lab  Blank 
ID#:  95 10285-05 A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PID 


File  Name: 

6102703 

.  ill  in  |  ...  . 

Date  of  Collection 

NA 

,DiI.  Factor: 

— — 1 

Date  of  Analysis: 

10/27/95 

Det.  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

Benzene 

0.001 

0.003 

Not  Detected 

Not  Detected 

Toluene 

0.001 

0.004 

Not  Detected 

Not  Detected 

Ethyl  Benzene 

0.001 

0.004 

Not  Detected 

Not  Detected 

Total  Xylenes 

0.001 

0.004 

Not  Detected 

Not  Detected 

TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 

(Quantitated  as  Gasoline) 


File  Name:  6102703 

Date  of  Collection:  NA 

DiL  Factor:  1.0 

"'V."  ^  'X 

Date  of  Analysis:  10/27/95 

Det.  Limit 

Det.  Limit 

Amount  Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv)  (uG/L) 

TPH*  (C2+  Hydrocarbons) 

0.010 

0.042 

Not  Detected  Not  Detected 

*TPH  referenced  to  Gasoline  (MW=100) 


Container  Type:  NA 
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AIR  TOXICS  LTD. 

SAMPLE  NAME:  Lab  Blank 
ID#:  9510285-05B 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PID 


File  Name: 

Dil.  Factor: 

Compound 

6110104 

•  1.0 

Det.  Limit 
(ppmv) 

Benzene 

0.001 

Toluene 

0.001 

Ethyl  Benzene 

0.001 

Total  Xylenes 

0.001 

Date  of  Analysis:  10/31/95 
Det.  Limit  Amount  Amount 


(uG/L) 

1  (ppmv)  fuG/Ll 

0.003 

Not  Detected 

Not  Detected 

0.004 

Not  Detected 

Not  Detected 

0.004 

Not  Detected 

Not  Detected 

0.004 

Not  Detected 

Not  Detected 

TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 

(Quantitated  as  Gasoline) 


File  Name: 

6110104 

Date  of  Collection 

:  NA 

Dil.  Factor: 

1.0 

Date  of  Analysis: 

10/31/95 

Det.  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

TPH*  (C2+  Hydrocarbons) 

0.010 

0.042 

Not  Detected 

Not  Detected 

*TPH  referenced  to  Gasoline  (MW=1 00) 


Container  Type:  NA 


NOV-14-95  TUE  12:35  AIR  TOXICS  LTD  FAX  NO.  9169851020  P.02 


WORK  ORDER  #:  9511098A 

Work  Order  Summary 

CLIENT:  Mr.  Steve  Arcbabal  BILL  TO:  Same 

Parsons  Engineering  Science 
1700  Broadway.  Suite  900 
Denver,  CO  80290 


PHONE: 

303-831-8100 

INVOICE# 

FAX: 

303-831-8208 

P.O.  #  726876.66132 

DATE  RECEIVED: 

11/9/95 

PROJECT#  726876.661 32 MOGAS  SITE 

DATE  COMPLETED: 

AMOUNTS:  $260.00 

RECEIPT 

FRACTION# 

NAME 

TEST 

YACwTRES, 

PRICE. 

OtA 

VRV1-E3-MB 

TO-3 

1.0  "Hg 

$120.00 

02A 

VRV1-T3-MB 

TO-3 

2.0  "Hg 

$120.00 

03A 

Lab  Blank 

TO-3 

NA 

NC 

Miso.  Charges 

1  Liter  Summa  Canister  Preparation  (2)  @  $10.00  each. 

$20,00 

PRhLiiVlINARY 
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NOV-14-95  TUE  12:36 


AIR  TOXICS  LTD 


FAX  NO.  9169851020 


P.  03 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  VRV1-E3-MB 
ID#:  9511098A-01A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PID 


Det.  Limit 


Det.  Limit 


Amount 


Amount 


Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

Benzene 

0.002 

0.007 

0.060  M 

0.19  M 

Toluene 

0.002 

0.008 

0.009 

0.034 

Ethyl  Benzene 

0.002 

0.009 

Not  Detected 

Not  Detected 

Total  Xylenes 

0.002 

0.009 

0.003 

0.013 

TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 


(Quantitated  as  Gasoline) 


Det  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(UG/L) 

TPH’  (C2+  Hydrocarbons) 

0.10 

0.42 

31 

130 

*TPH  referenced  to  Gasoline  (MW=*100) 


M  =  Reported  value  may  be  biased  due  to  apparent  matrix  interferences. 
Container  Type:  1  Liter  Summa  Canister 
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AIR  TOXICS  LTD 


FAX  NO.  9169851020 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  VRVJ-I3-MB 
ID#;  95H098A-02A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PID 


Benzene 
Toluene 
Ethyl  Benzene 
Total  Xylenes 


(uG/L) 


18 

21 

24 


ppmv) 


330 


TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 

(Quantitated  as  Gasoline) 


Compound _ 

TPH*  (C2+  Hydrocarbons) 


Det.  Limit  Det.  Limit  Amount 


(uG/L) 


(ppmv) 


54  220  I  16000 


(ppmv) 


16000 


Amount 


uG/L) 


66000 


'TPH  referenced  to  Gasoline  (MW=100) 


Container  Type:  1  Liter  Summa  Canister 
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AIR  TOXICS  LTD 


FAX  NO.  9169851020 


P.  05 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  Lab  Blank 
ID#:  951 1098 A-03A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PID 


Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

Benzene 

0.001 

0.003 

Not  Detected 

Not  Detected 

Toluene 

0.001 

0.004 

Not  Detected 

Not  Detected 

Ethyl  Benzene 

0.001 

0.004 

Not  Detected 

Not  Detected 

Total  Xylenes 

0.001 

0.004 

Not  Detected 

Not  Detected 

TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 

(Quantitated  as  Gasoline) 


Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

TPH*  (C2+  Hydrocarbons) 

0.010 

0.042 

Not  Detected 

Not  Detected 

*TPH  referenced  to  Gasoline  (MW=100) 


Container  Type:  NA 
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@  AIR  TOXICS  LTD. 

AN  ENVIRONMENTAL  ANALYTICAL  LABORATORY 


WORK  ORDER#:  9509145 

Work  Order  Summary 


CLIENT: 


Mr.  Richard  Henry 
Parsons  Engineering  Science 
1700  Broadway,  Suite  900 
Denver,  CO  80290 


BILL  TO:  Ms.  DeAnna  Schenfeld 

Parsons  Engineering  Science 
1700  Broadway,  Suite  900 
Denver,  CO  80290 


PHONE: 

FAX: 

DATE  RECEIVED: 
DATE  COMPLETED: 


303-831-8100 

303-831-8208 

9/15/95 

9/22/95 


INVOICE#  8023 

P.O.  #  725522.3000 

PROJECT#  725522.3000 Myrtle  Beach  AFB 
AMOUNTS:  $559.49 


FRACTION  # 

NAME 

TEST 

RECEIPT 

VAC./PRES. 

PRICE 

01A 

VENT-02 

TO-3 

1.0  "Hg 

$120.00- 

02A 

SV-7 

TO-3 

1.0  "Hg 

$120.00 

03A 

VENT-01 

TO-3 

1.0  "Hg 

$120.00 

04A 

SV-2 

TO-3 

0.5  "Hg 

$120.00 

05A 

Lab  Blank 

TO-3 

NA 

NC 

Misc.  Charges 

1  Liter  Summa  Canister  Preparation  (4)  @  $10.00  each. 
Shipping  (9/1 1/95) 

$40.00 

$39.49 

CERTIFIED  BY. 


S' 


Laboratory  Director 


DATE:_ 


180  BLUE  RAVINE  ROAD,  SUITE  B  FOLSOM,  CA  95630 
(916)  985-1000  •  (800)  985-5955  •  FAX  (916)  985-1020 
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AIR  TOXICS  LTD. 

SAMPLE  NAME:  VENT-02 
ID#:  9509 145-01 A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PID 


File  Name: 
Oil  Factor: 


6092014  V  *  <  : 

■ 


lllll 


*  r  . .  ?  w  vxvph st'xsg  *  \ 

-  Date  of  Collection:  9/14/95  ;  - 


..  17000 


Det.  Limit 


Amount 


Amount 


Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

Benzene 

17 

55 

1300 

4200 

Toluene 

17 

65 

2000 

7600 

Ethyl  Benzene 

17 

75 

200 

880 

Total  Xylenes 

17 

75 

410 

1800 

TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 

(Quantitated  as  Gasoline) 


File  Name: 

6092014 

Date  of  Collection:  9/1 4/95 

Oil,  Factor: 

17000 

Date!  of  Analysis:  9/20/95 

Det.  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

TPH*  (C2+  Hydrocarbons) 

170 

710 

100000 

420000 

*TPH  referenced  to  Gasoline  (MW=100) 


Container  Type:  1  Liter  Summa  Canister 
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AIR  TOXICS  LTD. 

SAMPLE  NAME:  SV-7 
ID#:  9509145-02A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PID 


Di!- Factor: 


'  "  A' 
— 

Illlll 


6092025 

10000 

Det.  Limit 


-  'kv'J;/  Date  of  Analysis:  9/20/95  ‘-'-'talB- 

Det.  Limit  Amount  Amount 


Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

Benzene 

10 

32 

800 

2600 

Toluene 

10 

38 

1000 

3800 

Ethyl  Benzene 

10 

44 

150 

660 

Total  Xylenes 

10 

44 

280 

1200 

TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 

(Quantitated  as  Gasoline) 


File  Name: 

6092025 

Date  of  Collection 

:  9/14/95 

DiL  Factor: 

10000 

;  V;-:  :  T;  B. 

Date  of  Analysis: 

9/20/95  j§  |§  | 

Det.  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

TPH*  (C2+  Hydrocarbons) 

100 

420 

.  64000 

270000 

*TPH  referenced  to  Gasoline  (MW=100) 


Container  Type:  1  Liter  Summa  Canister 
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AIR  TOXICS  LTD. 

SAMPLE  NAME:  VENT-01 
ID#:  9509 145-03 A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PID 


!FiJe  Name: 

Platon 

'  6092024 : :  v ^  / '  \  > ■  i 

10000 

Date  of  Collection:  9/14/95 

Date  of  Analy|ia:;;;9/2 0/95411  ;®7 

Det.  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

Benzene 

10 

32 

1300 

4200 

Toluene 

10 

38 

910 

3500 

Ethyl  Benzene 

10 

44 

62 

270 

Total  Xylenes 

10 

44 

120 

530 

TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 

(Quantitated  as  Gasoline) 


f  FiteNarrie?  ^ 

6092024 

BMW  ill  | 

Date  of  Collection 

ywVvvrv*- »  w™®  JW w '¥ 

||9/14/95:i|^^ 

Dil.  Factor: 

10000 

Date  of  Analysis: 

9/20/95 

Det.  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

TPH*  (C2+  Hydrocarbons) 

100 

420 

180000 

750000 

*TPH  referenced  to  Gasoline  (MW=1 00) 


Container  Type:  1  Liter  Summa  Canister 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  SV-2 
ID#:  9509145-04A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PID 


File  Name: 
Dil.  Factor: 


V.  "  N  «  '  '  '  *  ^  '■'1 


60920221 

E 


Sill 


-'I4-;:'' 


r\~ 


Date  of  Collection:  9/14/95 


Det.  Limit 


Det.  Limit 


Date  of  Analysis:  9/20/95 
Amount  Amount 


Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

Benzene 

5.1 

17 

310 

1000 

Toluene 

5.1 

20 

200 

760 

Ethyl  Benzene 

5.1 

23 

8.7 

38 

Total  Xylenes 

5.1 

23 

15 

66 

TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 

(Quantitated  as  Gasoline) 


File  Name:  6092022  Date  of  Collection:  9/14/95 

Dil.  Factor:  5100  Date  of  Analysis:  9/20/95 

Det.  Limit  Det.  Limit  Amount  Amount 


Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

TPH*  (C2+  Hydrocarbons) 

51 

210 

28000 

120000 

*TPH  referenced  to  Gasoline  (MW=1 00) 


Container  Type:  1  Liter  Summa  Canister 
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AIR  TOXICS  LTD. 

SAMPLE  NAME:  Lab  Blank 
ID#:  9509 145-05 A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PID 


File  Name: 

6092006  | 

wmmmm  | 

Date  of  Collection: 

NAillll;:; 

DiL  Factor:  jj 

Date  of  Analysis;  9/20/95  :*  4  ;* 

Det.  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

Benzene 

0.001 

0.003 

Not  Detected 

Not  Detected 

Toluene 

0.001 

0.004 

Not  Detected 

Not  Detected 

Ethyl  Benzene 

0.001 

0.004 

Not  Detected 

Not  Detected 

Total  Xylenes 

0.001 

0.004 

Not  Detected 

Not  Detected 

TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 

(Quantitated  as  Gasoline) 


;§ile  Name:  11  ^  ^  •  609200G 

Date  of  Collection 

DiL  Factor:  1.0 

Date  of  Analysis: 

9/20/95 

Det.  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

TPH*  (C2+  Hydrocarbons) 

0.010 

0.042 

Not  Detected 

Not  Detected 

*TPH  referenced  to  Gasoline  (MW=1 00) 


Container  Type:  NA 
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SCREENING  AND  DEVELOPMENT  OF  REMEDIAL 

ALTERNATIVES 


11.1  OVERVIEW 

This  appendix  identifies  a  variety  of  remedial  approaches  and  technologies  that  were 
considered  in  developing  remedial  alternatives  for  the  MOGAS  site  at  Myrtle  Beach  Air 
Force  Base  (AFB),  South  Carolina.  This  initial  screening  was  based  on  three  primary 
evaluation  criteria:  effectiveness  in  meeting  South  Carolina  Department  of  Health  and 
Environmental  Control  (SCDHEC,  1995)  criteria  for  risk-based  corrective  actions, 
technical  and  administrative  implementability,  and  relative  cost.  The  purpose  of  this 
screening  was  to  quickly  focus  the  Corrective  Action  Plan  (CAP)  on  the  most 
promising  and  cost-effective  methods  for  remediating  the  MOGAS  site.  This  appendix 
focuses  on  how  selected  active  remedial  technologies  could  be  combined  with  natural 
attenuation  processes  to  achieve  an  effective  site  cleanup. 

12.1  SCREENING  OF  REMEDIAL  TECHNOLOGIES 

Table  1.1  provides  a  summary  of  the  remedial  approaches  and  technologies 
considered  for  the  MOGAS  site.  All  of  these  technologies  are  appropriate  for  the 
remediation  of  fuel-contaminated  soils  or  groundwater.  Technologies  that  are  used  for 
non-fuel  contaminants  have  been  purposely  deleted  from  this  focused  initial  screening. 
Several  of  the  most  promising  technologies  considered  during  screening  were  retained 
as  candidates  for  the  development  of  remedial  alternatives  and  are  evaluated  in  Section 
9  of  the  CAP.  The  following  paragraphs  provide  a  brief  description  of  each  approach 
or  technology  group  and  its  applicability  at  the  MOGAS  site. 

12.1.1  Long-Term  Soil,  Soil  Gas,  and  Groundwater  Monitoring 

Long-term  monitoring  of  soil,  soil  gas,  and  groundwater  is  essential  for  evaluating 
the  progress  of  intrinsic  and  engineered  remediation  of  contaminated  media  and  for 
ensuring  that  cleanup  criteria  are  achieved  over  a  specified  time  interval.  Monitoring 
results  can  be  used  to  support  site  closure  or  to  justify  the  need  for  continued 
remediation. 

12.1.1.1  Soil  and  Soil  Gas  Monitoring 

Soil  and  soil  gas  monitoring  provides  information  for  assessing  the'  effectiveness  of 
an  implemented  soil  remedial  technology.  Extensive  soil  sampling  at  the  MOGAS  site 
has  revealed  elevated  contaminant  levels  in  unsaturated  and  saturated  soils  in  the 
vicinity  of  the  former  UST  locations.  All  detected  soil  contaminant  concentrations  are 
below  target  risk-based  remedial  goals  for  direct  contact  that  are  protective  of  human 
health  given  current  and  future  proposed  land  uses.  Soil  gas  monitoring  can  be  used  to 
indicate  volatile  organic  compound  (VOC)  reduction,  and  oxygen  and  carbon  dioxide 
concentrations  can  indicate  the  level  of  hydrocarbon  biodegradation  occurring  in  the 
soil.  Long-term  soil  and  soil  gas  monitoring  was  retained  for  further  evaluation. 
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TABLE  1.1  (Continued) 

INITIAL  TECHNICAL  IMPLEMENTABELITY  SCREENING  OF 
TECHNOLOGIES  AND  PROCESS  OPTIONS  FOR  SOIL  AND  GROUND  WATER  REMEDIATION 

MOGAS  SITE  CORRECTIVE  ACTION  PLAN 
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12.1.1.2  Groundwater/  Surface  Water  Monitoring 

Groundwater/  surface  water  monitoring  is  essential  for  evaluating  the  effectiveness 
of  implemented  groundwater  remediation  technologies,  including  natural  attenuation 
processes.  Groundwater  monitoring  wells  can  be  utilized  to  monitor  chemicals  of 
concern  and  their  attenuation  within  and  near  the  existing  plume.  The  predictions  of 
fate  and  transport  models  are  often  verified  using  sentry  wells  within  the  plume. 
Groundwater  monitoring  wells  can  be  sampled  at  downgradient  locations  south  of  the 
drainage  ditch  to  ensure  that  contaminant  underflow  beneath  the  ditch  does  not  occur  to 
a  significant  degree,  and  to  ensure  that  contaminants  do  not  advance  at  concentrations 
that  may  present  an  unacceptable  risk  beyond  an  area  under  reliable  exposure  controls. 
Surface  water  sampling  locations  can  be  regularly  sampled  to  ensure  that  benzene 
contamination  is  not  flowing  past  Third  Street,  west  of  the  site.  The  suitability  of 
existing  groundwater  monitoring  wells  and  surface  water  sampling  stations  for 
monitoring  site  contamination  is  addressed  in  Section  10  of  the  CAP,  the  Long-Term 
Monitoring  Plan.  Long-term  groundwater  and  surface  water  monitoring  was  retained 
as  a  key  component  of  the  remedial  alternatives  for  this  site. 

12.1.2  Land  and  Groundwater  Use  Controls 

Some  degree  of  land  and  groundwater  use  control  will  be  required  if  contaminant 
concentrations  in  groundwater  at  the  MOGAS  site  exceed  health-based  SSTLs.  Land 
and  groundwater  use  controls  can  be  enacted  to  minimize  the  potential  for  direct 
receptor  contact  with  site  contamination. 

12.1.2.1  Land  Use  Controls 

Physical  barriers  and  deed  restrictions/easements  can  be  used  to  control  land  use. 
Access  to  this  site  is  currently  limited  by  fencing  around  the  Base  perimeter  and  a 
portion  of  the  site,  as  well  as  controlled  access  to  all  Base  areas.  Physical  barriers  and 
deed  restrictions  on  land  and  resource  uses  were  retained  for  further  evaluation. 

12.1.2.2  Groundwater  Use  Controls 

Groundwater  use  controls  can  eliminate  the  possibility  of  direct  exposure  of  site 
workers  to  contaminated  groundwater.  Groundwater  use  can  be  controlled  by 
regulating  well  permits,  minimizing  excavations  below  the  water  table,  and,  when  no 
other  source  of  drinking  water  is  available,  installing  point-of-use  treatment  systems. 
Contaminated  groundwater  at  this  site  remains  within  an  area  under  Base  control,  and 
active  drinking  water  wells  at  the  Base  are  screened  in  a  deeper  aquifer  that  should  not 
be  affected  by  shallow  contamination.  The  regulation  of  future  well  permits  in  the 
vicinity  of  the  MOGAS  site  was  retained  for  further  evaluation. 

12.1.3  Public  Education 

At  many  contaminated  sites,  public  education  is  required  to  inform  the  public  of  the 
potential  risks  associated  with  site  contamination  and  to  provide  the  necessary  warnings 
to  prevent  unintentional  contact  with  site  soils  or  groundwater.  Although  no  human 
health  risk  is  currently  associated  with  this  site  (provided  adequate  exposure  controls 
are  maintained:  PPE,  no  excavation,  prevention  of  trespasser/recreator  contact  with  site 
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contaminated  media),  any  future  release  of  this  property  to  private  citizens  or  business 
should  be  accompanied  with  a  clear  understanding  of  where  fuel  contamination  may 
still  exist  and  the  appropriate  land  uses  that  will  prevent  exposure.  Public  education 
was  retained  as  a  remedial  approach. 

12.1.4  Containment  of  the  Groundwater  Plume 

Plume  containment  uses  either  hydraulic  controls,  such  as  limited  groundwater 
pumping,  or  physical  barriers  such  as  slurry  walls,  to  minimize  downgradient  plume 
migration.  This  strategy  is  most  often  used  to  halt  the  advance  of  highly  contaminated 
groundwater  before  it  impacts  downgradient  drinking  waters  or  surface  waters. 

12.1.4.1  Hydraulic  Controls 

Hydraulic  controls  are  used  to  extract  contaminated  groundwater  to  prevent  further 
migration  of  the  plume.  Hydraulic  controls  considered  for  the  MOGAS  site  include  a 
groundwater  interceptor  trench  and  extraction  wells.  The  objective  of  hydraulic 
controls  at  this  site  would  be  to  prevent  discharge  of  contaminated  groundwater  to  the 
southern  drainage  ditch  and,  at  the  same  time,  extract  contaminated  groundwater  for  ex 
situ  treatment/disposal.  Groundwater  extraction  would  lower  the  water  table,  exposing 
contaminated  zones  that  are  below  the  average  water  table  and  facilitating  their 
remediation  by  concurrent  bioventing  or  SVE.  The  extracted  groundwater  would  be 
treated  aboveground  by  air  stripping  or  carbon  treatment  and  discharged  to  the  ditch  or 
a  sanitary  sewer.  This  approach  could  provide  a  conservative  margin  of  protection 
against  plume  migration  and  would  constitute  a  relatively  aggressive  remedial 
alternative.  Therefore,  groundwater  pumping  to  lower  the  water  table  and  capture 
dissolved  contaminants  before  they  discharge  to  the  drainage  ditch  at  the  MOGAS  site 
was  retained  as  a  remedial  option. 

12.1.4.2  Physical  Groundwater  Barriers 

Slurry  walls,  grout  curtains,  and  sheet  piling  are  physical  structures  capable  of 
limiting  downgradient  dissolved  contaminant  migration.  However,  contaminants  are 
not  removed  by  such  physical  barriers;  they  are  only  contained.  When  compared  to  an 
interceptor  trench  where  contaminants  are  contained  and  removed,  containment  alone  is 
a  less  effective  option.  Additionally,  installation  of  a  physical  barrier  along  the 
northern  bank  of  the  ditch  may  cause  mounding  and  discharge  of  contaminated 
groundwater  to  the  ground  surface  and/or  migration  of  contaminants  around  the  barrier. 
For  these  reasons,  physical  groundwater  barriers  were  not  retained  for  further 
consideration. 

12.1.5  In  situ  Groundwater  Treatment 

In  situ  treatment  includes  both  engineered  and  natural  processes  which  are  capable  of 
destroying  or  immobilizing  dissolved  contamination  in  place.  In  situ  treatment  is 
generally  less  expensive  than  aboveground  treatment  because  there  is  no  need  to 
extract,  treat,  and  then  dispose  of  groundwater  or  soil. 
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12.1.5.1  Natural  Attenuation 

As  discussed  in  Section  6  of  the  CAP,  natural  attenuation  takes  advantage  of 
destructive  and  nondestructive  attenuation  mechanisms  to  bring  about  a  net  reduction  in 
groundwater  contaminant  concentrations.  Destructive  attenuation  mechanisms  include 
biodegradation,  abiotic  oxidation,  and  hydrolysis.  Nondestructive  attenuation 
mechanisms  include  sorption,  dilution,  and  volatilization  (Wiedemeier  et  al.,  1994). 
Geochemical  evidence  indicates  that  natural  attenuation  is  an  ongoing  cleanup  process 
at  this  site.  Therefore,  this  remedial  approach  was  retained  for  further  consideration. 

12.1.5.2  Enhanced/ Active  Biological  Groundwater  Treatment  via  Biosparging 

Enhanced  in  situ  biodegradation  takes  advantage  of  natural  biological  processes  by 
providing  enhanced  electron  acceptor  conditions  and,  when  required,  enhanced 
nitrogen/phosphorus  (i.e.,  nutrient)  conditions  to  stimulate  microbial  growth  and  more 
rapid  biodegradation.  Section  6  of  the  CAP  provides  geochemical  evidence  that  low 
oxygen  concentrations  in  groundwater  at  the  MOGAS  site  may  be  limiting  the 
biodegradation  of  dissolved  contaminants  in  the  plume.  Low  flow-rate  air  injection 
into  groundwater,  known  as  biosparging,  can  be  used  to  increase  dissolved  oxygen 
concentrations  in  groundwater  and  promote  biodegradation.  Biosparging  was  retained 
for  evaluation  as  a  method  of  enhancing  natural  biodegradation  in  the  source  area  and 
diminishing  discharge  of  contaminants  to  the  ditch. 

12.1.5.3  Enhancement  of  Aerobic  Biodegradation  using  an  Oxygen-Release 
Compound 

Commercially  available  oxygen-release  compounds  (e.g.  ORC®  manufactured  by 
REGENESIS  Bioremediation  Products)  can  be  installed  in  wtils  or  mixed  with  backfill 
materials  and  added  to  trenches  or  backhoe  pits  to  enhance  DO  concentrations  and 
facilitate  aerobic  biodegradation  of  fuel  hydrocarbons  dissolved  in  groundwater.  Linear 
trenches  or  lines  of  closely  spaced  wells  containing  an  oxygen-release  compound  can  be 
sed  to  create  a  plume  containment  barrier  similar  to  an  air  sparging  curtain.  Case 
studies  have  indicated  that  an  oxygen-release  substance  may  need  to  be  replaced  at 
intervals  of  several  months  to  maintain  significantly  elevated  DO  concentrations  in  the 
groundwater;  therefore,  use  of  wells  that  would  enable  periodic  retrieval  of  the  oxygen- 
release  substance  would  be  desirable  at  the  MOGAS  site.  DO  concentrations  within  the 
dissolved  BTEX  plumes  at  the  MOGAS  site  are  low,  and  enhancement  of  these 
concentrations  would  stimulate  aerobic  biodegradation  processes.  Therefore,  use  of  an 
oxygen-release  compound  was  retained  for  further  consideration. 

12.1.6  Ex  Situ  Groundwater  Treatment 

Groundwater  extraction  with  ex  situ  groundwater  treatment  offers  the  flexibility  of 
more  engineering  controls  than  in  situ  remediation,  and  can  usually  treat  a  wider  range 
of  contaminants  than  in  situ  treatment.  Groundwater  extraction  also  provides  greater 
control  over  plume  migration  and  can  be  focused  in  areas  of  greatest  contamination. 
As  discussed  in  Section  12.1.4.1  of  this  appendix,  active  groundwater  extraction 
techniques  were  retained  for  further  evaluation.  As  a  result,  ex  situ  groundwater 
treatment  technologies  are  discussed  below. 
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Treatment  technologies  most  appropriate  for  removing  dissolved  hydrocarbons  from 
extracted  groundwater  include  air  stripping  methods,  activated  carbon  adsorption,  and 
bioreactors.  Treatment  facility  construction,  operation,  maintenance,  and  monitoring 
will  require  greater  financial  resources.  Pump  installations  and  maintenance  also  add  to 
the  cost  of  this  technology  group. 

1.2.1.6.1  Air  Stripping 

Air  stripping  technologies  contact  contaminated  groundwater  with  clean  air  to 
volatilize  (strip)  dissolve  contaminants  from  the  aqueous  phase.  Air  stripping  is  most 
effective  for  compounds  with  Henry’s  Law  constants  greater  than  0.001,  including 
benzene,  toluene,  ethylbenzene,  and  xylenes,  which  have  Henry’s  Law  constants  of 
0.0054,  0.0066,  0.0079,  and  0.0049-0.007,  respectively.  The  highest  total  BTEX 
concentration  measured  in  the  source  area  in  August-September  1995  was  47,300  pg/L 
at  well  MW- 112.  The  average  total  BTEX  concentration  measured  in  the  four  most 
contaminated  wells  in  the  source  area  was  approximately  25,000  pg/L.  These 
concentrations  are  expected  to  decrease  rapidly  during  the  first  few  months  of 
groundwater  extraction  as  BTEX  contamination  in  soils  is  remediated  via  bioventing  or 
SVE.  In  addition,  preliminary  simulations  of  the  pump-and-treat  system  using 
Bioplume  II  indicate  that  adequate  drawdown  and  plume  capture  could  be  achieved 
using  3  wells  pumping  less  than  5  gallons  per  minute  (gpm)  each.  Due  to  the 
anticipated  low  flow  rates  and  rapid  decrease  in  contaminant  concentrations  in  the 
extracted  groundwater,  activated  carbon  alone  should  provide  the  most  cost-effective 
treatment  option  (see  below).  Air  stripping  would  also  release  VOCs  to  the  atmosphere 
and  may  require  expensive  off-gas  treatment.  Therefore,  air  stripping  was  not  retained 
as  a  process  option. 

1.2.1.6.2  Activated  Carbon 

Activated  carbon  is  a  commonly  used  method  of  removing  BTEX  contaminants  from 
groundwater  as  it  passes  through  a  packed-bed  canister  of  granular  activated  carbon 
(GAC).  Due  to  the  increasingly  dilute  concentrations  of  all  dissolved  COPCs  expected 
if  groundwater  is  extracted  at  the  MOGAS  site,  activated  carbon  would  provide 
relatively  inexpensive  and  low  maintenance  treatment  of  extracted  groundwater. 
Activated  carbon  is  also  capable  of  reducing  all  COPCs  to  levels  below  generic  South 
Carolina  RBSLs,  which  is  important  for  satisfying  discharge  requirements.  Activated 
carbon  was  retained  as  an  aboveground  treatment  technology  if  groundwater  extraction 
is  selected  as  a  site  remedy. 

1.2.1. 6.3  Bioreactors 

Bioreactors  typically  provide  an  enhanced  environment  where  biodegradation  rates 
are  higher  than  those  observed  in  situ.  The  ex  situ  nature  of  the  bioreactor  allows  for 
greater  control  of  reactor  conditions  (e.g.,  temperature,  pH,  mixing)  and  some 
optimization  of  degradation  pathways.  The  hydraulic  loading  of  bioreactors  is  often 
limited  because  complete  biodegradation  requires  long  retention  times  to  degrade  high 
concentrations  of  hydrocarbons.  In  the  case  of  slower  degrading  PAHs,  the 
contaminants  must  first  be  adsorbed  to  filter  media  and  retained  to  complete  the 
biodegradation  process.  Due  the  typically  high  maintenance  requirements  of 
bioreactors  and  the  potential  need  for  long  retention  times  to  adequately  treat  the 
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(initially)  high  dissolved  contaminant  concentrations  in  the  extracted  groundwater,  this 
technology  was  not  recommended  for  further  consideration. 

1.2. 1.7  Treated  Groundwater  Discharge/Disposal 

The  extraction  and  treatment  of  contaminated  groundwater  will  require  a  method  of 
disposal  for  treated  water  which  meets  all  appropriate  discharge  standards  of  the  State 
of  South  Carolina  and  the  USEPA.  Several  methods  of  onsite  and  offsite  disposal  were 
identified  for  this  initial  screening. 

L2.1.7.1  Direct  Discharge  to  IWWTP 

Direct  discharge  of  extracted,  contaminated  groundwater  to  an  industrial  wastewater 
treatment  plant  (IWWTP)  is  an  alternative  for  treatment  if  a  treatment  plant  is  available 
and  can  accept  fuel-tainted  waters.  An  IWWTP  is  not  available  at  the  Base,  and  the 
high  concentrations  of  dissolved  contaminants  would  make  discharge  to  a  municipal 
WWTP  unacceptable.  Direct  discharge  to  a  IWWTP  or  municipal  WWTP  was  not 
retained  for  further  evaluation. 

1.2. 1.7.2  Discharge  to  Sanitary  Sewer 

A  sanitary  sewer  line  can  be  accessed  near  Building  507,  located  approximately  70 
feet  east  of  the  former  eastern  UST  location.  Therefore,  discharge  to  a  sanitary  sewer 
is  feasible  at  the  MOGAS  site.  The  permitting  requirements  of  the  Myrtle  Beach  sewer 
authority  would  have  to  be  determined,  and  samples  of  the  discharged  water  would 
have  to  be  collected  and  analyzed  periodically  to  confirm  that  water  quality 
requirements  are  being  met. 

1.2.1.7.3  Reinjection  to  Groundwater 

Reinjection  of  treated  groundwater  into  the  subsurface  can  be  accomplished  through 
several  methods.  Surface  application  using  a  sprinkler  system  would  be  feasible,  but 
the  unpaved,  grassy  area  at  the  site  is  limited,  and  runoff  of  irrigation  water  into  the 
drainage  ditch  may  occur.  Therefore,  this  option  was  not  retained  for  further 
consideration.  Reinjection  wells  have  been  used  to  return  treated  groundwater  to  the 
subsurface;  however,  injection  wells  require  frequent  maintenance  to  reduce  the 
impacts  of  plugging,  which  almost  always  occurs  over  time.  The  preferred  method  of 
reinjection  for  this  site  would  be  the  construction  of  a  large  reinjection  trench 
upgradient  from  the  source  area.  These  trenches  generally  contain  a  large-diameter, 
perforated  pipe  and  are  filled  with  gravel.  Reinjection  trenches  are  less  likely  to 
become  fouled  by  inorganic  precipitates  and  biogrowth  because  they  can  be  constructed 
with  much  larger  surface  area  to  flow  ratios  when  compared  to  injection  wells. 
Reinjection  trenches  were  not  retained  as  an  option  for  the  discharge  of  treated 
groundwater  due  to  the  proximity  of  a  sanitary  sewer  and  the  relative  simplicity  of 
sewer  disposal. 

1.2.1.7.4  Discharge  to  Surface  Drainage 

Under  this  option,  treated  groundwater  would  be  discharged  into  the  drainage  ditch 
that  forms  the  southern  boundary  of  the  MOGAS  site.  As  described  in  Section  3.3  of 
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the  CAP,  this  ditch  discharges  into  the  Intracoastal  Waterway  approximately  2  miles 
north  of  the  site.  A  discharge  permit  and  frequent  monitoring  would  be  required  to 
ensure  protection  of  the  ditch  ecosystem  and  downstream  receptors.  It  is  possible  that 
an  environmental  assessment  (EA)  also  would  be  required  before  a  discharge  permit 
was  granted.  The  permitting  and  monitoring  requirements  for  discharge  to  the  nearby 
sanitary  sewer  are  most  likely  simpler  and  less  expensive  than  for  surface  water 
discharge;  therefore,  this  option  was  not  retained  for  further  evaluation. 

12.1.8  Source  Reduction/Soil  Remediation  Technologies 

The  removal  or  reduction  of  concentrated  contaminants  in  the  source  area  is 
normally  an  important  element  of  a  comprehensive  site  remediation.  Two  primary 
sources  of  contamination  can  potentially  exist  at  fuel  contaminated  sites:  mobile  light 
non-aqueous-phase  liquid  (LNAPL),  or  free-phase  product,  and  residual  fuels  which 
are  sorbed  or  occluded  within  the  soil  matrix.  A  fuel  sheen  has  been  observed  in 
limited  areas  at  the  MOGAS  site,  but  recoverable  volumes  of  mobile  LNAPL  do  not 
appear  to  be  present.  Residual  fuels  constitute  the  primary  contaminant  source  at  the 
MOGAS  site. 

Residual  fuel  contamination  at  this  site  appears  to  be  present  beneath  and 
immediately  adjacent  to  the  former  underground  storage  tank  (UST)  locations,  and 
along  corridors  between  the  UST  locations  and  the  drainage  ditch.  The  most  elevated 
contaminant  concentrations  are  generally  present  within  3  feet  above  and  below  the 
water  table  (approximately  7  to  13  feet  bgs).  Analysis  of  soil  samples  indicate  that 
remaining  concentrations  of  benzene,  toluene,  ethylbenzene,  naphthalene, 
chlorobenzene,  and  1,3,5-trimethylbenzene  (TMB)  are  above  Tier  1  risk-based  soil 
leaching  criteria  that  are  protective  of  groundwater.  Soil  vapor  quality  analytical 
indicate  that  contaminated  vadose  zone  soils  are  a  significant  source  of  soil  gas 
contamination  at  the  MOGAS  site,  and  the  results  also  represent  a  significant  source  of 
groundwater  contamination  in  unpaved  areas  where  infiltration  of  precipitation  can 
cause  contaminant  leaching.  Common  soil  remediation  technologies  such  as  soil  vapor 
extraction  (SVE)  and  in  situ  bioventing,  which  depend  on  soil  gas  movement,  should  be 
effective  due  to  the  permeable  nature  of  the  sands  found  in  the  subsurface  at  the 
MOGAS  site.  Soil  flushing  using  surfactants  is  another  option  for  reducing  fuel 
residuals  that  is  evaluated  in  this  section. 

12.1.8.1  Soil  Vapor  Extraction 

SVE  mechanically  withdraws  soil  vapor  from  the  vadose  zone  to  the  surface  using 
vent  wells.  If  necessary,  offgas  can  be  treated  prior  to  discharge  into  the  atmosphere. 
By  extracting  soil  vapor  from  the  vadose  zone,  the  desorption  of  VOCs  from  soils  into 
soil  gas  is  enhanced.  SVE  is  very  effective  in  permeable  soil  such  as  the  sands  present 
at  shallow  depths  at  this  site.  Because  SVE  also  results  in  an  influx  of  oxygenated  soil 
gas  from  clean  soils,  it  also  enhances  the  biodegradation  of  less  volatile  hydrocarbons. 
A  3-month  SVE  pilot  test  conducted  at  the  MOGAS  site  is  described  in  Section  8  of  the 
CAP.  SVE  was  retained  for  further  evaluation  in  the  event  that  further  SVE  is  deemed 
to  be  necessary  to  reduce  VOC  concentrations  in  the  vadose  zone. 
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12.1.8.2  Bioventing 

Bioventing  is  mechanically  similar  to  SVE  except  that  this  technology  uses  much 
lower  rates  of  air  injection  to  provide  the  necessary  oxygen  to  sustain  biological 
degradation.  Bioventing  rates  of  air  injection  are  typically  one-tenth  of  vapor 
extraction  rates  for  the  same  site.  The  effectiveness  of  this  technology  has  been 
demonstrated  in  a  major  pilot  testing  program  conducted  at  over  140  Air  Force  sites 
(Downey,  1994).  An  air  respiration  test  conducted  at  the  MOGAS  site  is  described  in 
Section  8  of  the  CAP.  Once  SVE  has  reduced  soil  gas  concentrations  to  acceptable 
levels,  bioventing  could  be  implemented  as  a  low-cost  remedial  technique  for  treatment 
of  residual  soil  contamination.  In  situ  bioventing  was  retained  for  further  analysis. 

12.1.8.3  Surfactant  Soils  Washing 

Soil  washing  is  used  to  enhance  the  natural  partitioning  of  contaminants  from  the 
soil  into  the  groundwater,  and  is  generally  associated  with  a  groundwater  extraction 
system.  The  more  strongly  sorbed  compounds  may  require  surfactant  soil  washing  to 
facilitate  the  dissolution  process.  In  situ  soil  washing  is  only  effective  in  more 
permeable  aquifer  materials,  such  as  those  at  the  MOGAS  site.  Soil  washing  usually 
involves  the  addition  of  a  surfactant  compound  that  has  a  nonpolar  “tail”  to  dissolve  the 
contaminant,  and  a  polar  end  so  that  the  formed  miscelle  is  soluble  in  water. 
Biodegradable  surfactants  are  desirable  to  ensure  that  new  recalcitrant  chemicals  are  not 
introduced  into  the  aquifer. 

Two  significant  disadvantages  are  associated  with  this  technology.  Because 
surfactants  are  added  in  relatively  high  concentrations,  they  will  exert  a  significant 
biological  oxygen  demand  on  the  aquifer.  This  additional  organic  loading  may  exceed 
the  natural  assimilative  capacity  of  the  aquifer,  thereby  promoting  the  migration  of  both 
surfactant  and  fuel  hydrocarbons.  The  second  problem  is  that  when  the  surfactant 
solution  is  recovered,  it  is  difficult  to  separate  contaminants  from  the  surfactants  so  that 
surfactants  can  be  recycled.  Treatment  of  surfactant-laden  groundwater  can  be 
achieved  with  activated  carbon,  but  the  surfactant  will  rapidly  load  the  carbon, 
resulting  in  high  treatment  costs.  Due  to  these  technical  difficulties,  surfactant  soils 
washing  was  not  retained  for  further  evaluation. 

12.1.9  Soil  Excavation  and  Treatment 

Some  excavation  of  contaminated  soils  has  already  been  performed  in  conjunction 
with  the  removal  of  the  USTs.  As  described  in  Section  12.1.7,  the  majority  of  the  soil 
contamination  is  not  near  the  ground  surface;  therefore,  a  substantial  volume  of 
relatively  uncontaminated  soils  would  have  to  be  excavated  to  expose  the  most 
contaminated  interval,  and  some  asphalt  pavement  would  have  to  be  removed. 
Treatment  of  these  deeper  soils  by  in  situ  methods  such  as  SVE  and  bioventing  would 
obviate  the  need  to  excavate  large  quantities  of  soils  that  would  require  treatment 
and/or  disposal,  and  would  be  less  expensive  than  excavation.  For  these  reasons, 
excavation  and  aboveground  soil  treatment  options  such  as  biological  treatment  or 
thermal  treatment  were  not  retained  for  further  evaluation. 
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12.1.10  Surface  Water  Sparging 

Surface  water  sparging  could  be  performed  in  the  event  that  implementation  of  a 
biosparging  system  (Section  12.1.5.2)  does  not  prevent  significant  concentrations  of 
dissolved  VOCs  from  discharging  to  the  drainage  ditch.  Surface  water  sparging  would 
consist  of  air  injection  into  surface  water  downstream  from  the  MOGAS  site  (e.g., 
immediately  west  of  Third  Street  where  the  ditch  widens  and  the  average  surface  water 
flow  rate  decreases).  The  same  blower  used  for  the  bioventing/biosparging  system 
could  conceivably  be  used  to  perform  the  surface  water  sparging.  This  option  was 
retained  for  further  consideration. 

13.1  SUMMARY  OF  RETAINED  REMEDIAL  TECHNOLOGIES 

Based  on  the  initial  technology  screening  discussed  in  Section  12  of  this  appendix 
and  summarized  in  Table  1. 1,  several  remedial  approaches  and  technologies  have  been 
retained  for  the  development  of  remedial  alternatives  and  more  detailed  analysis.  These 
technologies  were  selected  to  provide  a  range  of  passive  to  more  active  response 
actions,  all  of  which  can  meet  SCDHEC  (1995)  cleanup  criteria  for  risk-based 
corrective  actions,  and  maintain  contaminant  concentrations  that  are  protective  of 
human  health  and  the  environment  in  an  industrial  setting.  The  following  remedial 
approaches  and  technologies  have  been  retained  : 

•  Long-term  soil  gas,  groundwater,  and  surface  water  monitoring; 

•  Limited  land  use  controls; 

•  Groundwater  use  controls; 

•  Public  education; 

•  Natural  attenuation  of  soil,  groundwater,  and  surface  water  contamination; 

•  Biosparging  in  the  source  area  and  near  the  drainage  ditch  with  concurrent, 
incidental  bioventing  of  the  vadose  zone; 

•  Installation  of  a  plume  containment  barrier  near  the  drainage  ditch  using  an 
oxygen-release  compound; 

•  SVE  in  the  source  area; 

•  Groundwater  extraction  with  aboveground  carbon  treatment  and  sanitary  sewer 
disposal  of  treated  groundwater;  and 

•  Surface  water  sparging. 

Because  natural  attenuation  processes  (specifically  biodegradation)  have  been 
removing  dissolved  fuel  contaminants  from  the  groundwater,  this  ongoing  remediation 
process  can  only  be  enhanced  through  a  reduction  of  both  residual  soil  contamination 
that  is  acting  as  a  source  of  contamination  to  groundwater  and  of  more  concentrated 
dissolved  BTEX  between  the  source  area  and  the  drainage  ditch.  Three  candidate 
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source  reduction  plume  containment  technologies,  including  biosparging  with 
concurrent,  incidental  bioventing,  SVE,  and  limited  groundwater  extraction  have  been 
retained  for  additional  analysis.  Each  of  these  remediation  approaches  is  described  in 
greater  detail,  and  their  effectiveness  is  evaluated  in  Section  9  of  this  CAP. 
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Remedial  Alternative  1  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 


Capital  Costs 

Biosparging  Pilot  Test  Performance 
Pilot  Test  Workplan 
Pilot  Test  Kit  Rental 

(blower,  accessories,  etc.)  5  days  x 

Labor  112  hours 

Per  Diem  14  days 

Mob/Demob/Data  Analysis  80  hours 

Travel  (1  tround  trip  from  Denver  @ 

$1500  and  one  trip  from  Cary  @  $300) 

Misc.  Supplies 
Contingency  (10%) 

Installation  of  the  66-Well  Biosparging  System 


$500  /day 
$70  /hour 
$136  /day 
$70  /hour 

$1,800  lumpsum 
lump  sum 

Subtotal 


$4,000 

$2,500 

$7,840 

$1,904 

$5,600 

$1,800 

$500 

$2,414 

$26,558 


Design/Procure/Install  System 


540  hours  x 


$37,800 


Blower/Shed/Accessories 


$16,000  lumpsum 


$16,000 


Asphalt  Cutting/ Well  point  Installation/trenching 


$20,000  lumpsum 


$20,000 


Electrical  Subcontractor 


$5,000  lumpsum 


$5,000 


Per  Diem 


70  days  x 


$9,520 


Travel 


$6,000  lumpsum 


$6,000 


Geprobe  Rental  (3  weeks) 


$6,000  lumpsum 


$6,000 


O  &  M  Manual  Preparation 


40  hours  x 


$2,400 


Contingency  (10%) 


$10,272 


lump  sum 
Subtotal 


$10,272 

$112,992 
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Remedial  Alternative  1  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 


Future  Costs 

Confirmatory  Soil  Sampling  at  4  Locations 


Sampling  Labor 

8  Soil  Samples 

1  QA/QC 

9  Total  Samples 

80  hours  x 

$60  /hour 

$4,800 

Analytical  Subcontractor 

9  BTEX x 

9  Naphthalene  x 

$85  /each 
$240  /each 

$765 

$2,160 

Geoprobe  Rental 

2  days  x 

$500  /day 

$1,000 

Supplies 

$500  lumpsum 

$500 

Travel 

$1,500  lumpsum 

$1,500 

Per  Diem 

4  days  x 

$136  day 

$544 

Office  ODC 

$300  lumpsum 

$300 

Contingency  (10%) 

$1,157  lumpsum 

$1,157 

Total  Future  Cost 

$12,726 
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Remedial  Alternative  1  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 


Annual  and  Operational  Costs 

Soil  Gas  Sampling/  Respiration  Testing  at  6  Locations  -  Semiannually 


Soil  Gas  Analysis  (EPA  TO-3) 

6  samples  x 

$130  /sample 

$780 

Sampling  Labor 

64  hours  x 

$60  /hour 

$3,840 

Sample  Shipping 

$250  lump  sum 

$250 

Per  Diem 

8  days  x 

$136  /day 

$1,088 

Travel 

$1,500  lumpsum 

$1,500 

Equipment  Rental  (Meters) 

$500  lump  sum 

$500 

Progress  Report 

20  hours  x 

$70  /hour 

$1,400 

Contingency  (10%) 

$936  lump  sum 

$936 

Subtotal 

$10,294 

Total  for  1  year  (two  sampling 

events) 

$20,588 
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Remedial  Alternative  1  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 


Groundwater  and  Surface  Water  Sampling  -  Quarterly  (1  year),  Semiannually  (5  years) 


Sampling  Labor 

80  hours  x 

$60  /hour 

$4,800 

10  Long-Term  Monitoring  Wells 

4  Surface  Water  Samples 

2  QA/QC 

16  Total  Samples 

Analytical  Subcontractor 

16  BTEXx 

$90  /each 

$1,440 

10  Naphthalene  x 

$200  /each 

$2,000 

10  Methane 

$86  /each 

$860 

16  Field  Parameters 

$20  /each 

$320 

Supplies 

$500  lump  sum 

$500 

Travel 

$1,500  lumpsum 

$1,500 

Per  Diem 

10  days  x 

$136  day 

$1,360 

Office  ODC 

$300  lump  sum 

$300 

Contingency  (10%) 

$1,308  lumpsum 

$1,308 

Subtotal 

$14,388 

Total  for  1  Year  of  Quarterly  Sampling 

$57,552 

Total  for  1  Year  of 

Semiannual  Sampling 

$28,776 

Page  4  of  7 


Remedial  Alternative  1  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 


Operation  and  Maintenance  of  the  Biosparging  System  -  6  trips  per  year 
System  Monitoring 


Monitoring  Labor 

120  hours  x 

$60  /hour 

$7,200 

Travel 

$1,200  lumpsum 

$1,200 

Per  Diem 

12  days  x 

$136  /day 

$1,632 

Equipment  Rental 

$1,200  lumpsum 

$1,200 

Electrical  Usage 

3  X  5  hp  x  745.7  watts/hpr=  7457  watts 

746  watts  =  .746  kilowatts 

7.457  kilowatts  x  365  days  x  24  hrs/day  =  65,323  kw 

65323  kw  x  $0.06/kw  =  $3,91 9 

$3,919 

Annual  O&M  Cost  $15,151 

Site  Management  -  per  year  lOOhrs/yrx  $60  /hour  $6,000 
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Remedial  Alternative  1  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 


Summary  of  Capital  Costs  and  1st  Year  of  Operation 

Biosparging  System  Pilot  Test  $26,558 

Installation  of  the  66-Well  Biosparging  System  $1 12,992 

Groundwater/  Surface  Water  Sampling  Quarterly  for  first  year  $57,552 

Soil  Gas  Sampling/  Respiration  Testing  at  6  Locations  for  First  year  $20,588 

Site  Managment  for  first  year  $6,000 

Annual  O&M  Cost  $15,151 

Total  Capital  Costs  $238,842 
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Remedial  Alternative  1  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 


Annual  Costs 

Groundwater/  Surface  water  Sampling  Semiannually  for  5  years 

Annual  Cost 


P/A  i=7%,  n=5  PWF  =  4. 1 001 9744 

Present  Worth  Cost 

Groundwater  sampling  Present  Worth  Cost 
Biosparging  System  Maintenance  (3  years) 

Annual  Cost 

P/A  i=7%,  n=3  PWF  =  2.62431604 

Present  Worth  Cost 

Soil  Gas  Sampling  Semiannually  for  three  years 

Annual  Cost 


P/A  i=7%,  n=3  PWF  =  2.62431604 

Present  Worth  Cost 


Site  Management  every  year  (5  years) 


Annual  Cost 


P/A  i=7%  n=5 

Future  Costs 

Present  Worth  of  Confirmatory  Soil  Sampling 

P/F  i=7%  n=4 


PWF  =  4.10019744 
Present  Worth  Cost 


Total  Present  Worth  of  Annual  Costs  = 


Total  Cost  Estimate  of  Proposed  Corrective  Action  = 


$28,776 

$117,987 

$117,987 

$15,151 

$39,762 

$20,588 

$54,028 

$6,000 

$24,601 

$9,709 

$236,379 

$484,929 
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Remedial  Alternative  2  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 


Capital  Costs 

Biosparging  Pilot  Test  Performance 

Pilot  Test  Workplan 

$4,000 

Pilot  Test  Kit  Rental 

(blower,  accessories,  etc.) 

5  days  x 

$500  /day 

$2,500 

Labor 

112  hours 

$70  /hour 

$7,840 

Per  Diem 

14  days 

$136  /day 

$1,904 

Mob/Demob/Data  Analysis 

80  hours 

$70  /hour 

$5,600 

Travel  (1  tround  trip  from  Denver  @ 

$1500  and  one  trip  from  Cary  @  $300) 

$1,800  lumpsum 

$1,800 

Misc.  Supplies 

lump  sum 

$500 

Contingency  (10%) 

$2,414 

Subtotal 

$26,558 

Installation  of  the  47-Well  Biosparging  System 

Design/Procure/Install  System 

450  hours  x 

$70  /hour 

$31,500 

Blower/Shed/Accessories 

$8,000  lump  sum 

$8,000 

(assume  use  of  2  HP  blower  instead  of  5  HP  as  in  Alternative  1) 

Asphalt  Cutting/  Well  point  Installation 

$4,000  lump  sum 

$4,000 

Electrical  Subcontractor 

$2,500  lumpsum 

$2,500 

Per  Diem 

58  days  x 

$136  /day 

$7,888 

Travel 

$6,000  lump  sum 

$6,000 

Geoprobe  Rental  (2  wks) 

$4,000  lumpsum 

$4,000 

O  &  M  Manual  Preparation 

40  hours  x 

$60  /hour 

$2,400 

Contingency  (10%) 

$6,629  lump  sum 

$6,629 

Subtotal  $72,917 
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Remedial  Alternative  2  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 


Future  Costs 

Confirmatory  Soil  Sampling  at  4  Locations 

Sampling  Labor  80  hours  x  $60  /hour  $4,800 


8  Soil  Samples 

1  QA/QC 

9  Total  Samples 

Analytical  Subcontractor 

9  BTEX x 

9  Naphthalene  x 

$85  /each 
$240  /each 

$765 

$2,160 

Geoprobe  Rental 

2  days  x 

$500  /day 

$1,000 

Supplies 

$500  lump  sum 

$500 

Travel 

$1,500  lumpsum 

$1,500 

Per  Diem 

4  days  x 

$136  day 

$544 

Office  ODC 

$300  lump  sum 

$300 

Contingency  (10%) 

$1,157  lumpsum 

$1,157 

Total  Future  Cost 

$12,726 
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Remedial  Alternative  2  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 


Annual  and  Operational  Costs 

Soil  Gas  Sampling/  Respiration  Testing  at  6  Locations  -  Semiannually 


Soil  Gas  Analysis  (EPA  TO-3) 

6  samples  x 

$130  /sample 

$780 

Sampling  Labor 

64  hours  x 

$60  /hour 

$3,840 

Sample  Shipping 

$250  lumpsum 

$250 

Per  Diem 

8  days  x 

$136  /day 

$1,088 

Travel 

$1,500  lumpsum 

$1,500 

Equipment  Rental  (Meters) 

$500  lump  sum 

$500 

Progress  Report 

20  hours  x 

$70  /hour 

$1,400 

Contingency  (10%) 

$936  lump  sum 

$936 

Subtotal 

$10,294 

Total  for  1  year  (two  sampling  events) 

$20,588 
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Remedial  Alternative  2  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 


Groundwater  and  Surface  Water  Sampling  -  Quarterly  (1  year),  Semiannually  (5  years) 


Sampling  Labor 

10  Long-Term  Monitoring  Wells 

4  Surface  Water  Samples 

2  QA/QC 

16  Total  Samples 

80  hours  x 

$60  /hour 

$4,800 

Analytical  Subcontractor 

16  BTEXx 

$90  /each 

$1,440 

10  Naphthalene  x 

$200  /each 

$2,000 

10  Methane 

$86  /each 

$860 

16  Field  Parameters 

$20  /each 

$320 

Supplies 

$500  lump  sum 

$500 

Travel 

$1,500  lumpsum 

$1,500 

Per  Diem 

10  days  x 

$136  day 

$1,360 

Office  ODC 

$300  lump  sum 

$300 

Contingency  (10%) 

$1,308  lumpsum 

$1,308 

Subtotal  $14,388 


Total  for  1  Year  of  Quarterly  Sampling  $57,552 
Total  for  1  Year  of  Semiannual  Sampling  $28,776 
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Remedial  Alternative  2  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 


Operation  and  Maintenance  of  the  Biosparging  System  -  6  trips  per  year 


System  Monitoring 


Monitoring  Labor 

120  hours  x 

$60  /hour 

Travel 

$1,200  lumpsum 

Per  Diem 

12  days  x 

$136  /day 

Equipment  Rental 

$1,200  lumpsum 

Electrical  Usage 

5  hp  x  745.7  watts/hpr= 

3729  watts 

746  watts  =  .746  kilowatts 

3.729  kilowatts  x  365  days  x  24  hrs/day  =  32,666  kw 

32666  kw  x  $0.06/kw  =  $1 ,960 


Site  Management  -  per  year 


100  hrs/yrx 


Annual  O&M  Cost 
$60  /hour 


$7,200 

$1,200 

$1,632 

$1,200 


$1,960 

$13,192 

$6,000 
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Remedial  Alternative  2  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 


Installation  of  ORC  Barrier  plus  1st  year  of  Operation 

Cost  of  60  4-in  ID  wells,  including  mob.,  drilling,  installation,  materials/supplies,  subcontractor 


per  diem  and  surface  completion  (flush  mount)  (assume  $45/linear  foot)  $40,500 

Well  Development  (2  hr/well  x  60  wells  x  $1 00/hr)  $12,000 

60  wells  x  7  socks  per  well  x  2  sets  needed  for  1st  year  of  operation  x  $37.50/sock=  $31 ,500 

Geologist/lnspector  (for  well  installation):  14  days  x  10  hr/day  x  $60/hr  $8,400 

Geologist  per  diem  (for  well  installation):  14  days  x  $136/day  $1,904 

Labor  to  install  ORC  socks  (2  events) 

2  people  x  2  events  x  10  hrs/day  x  3  days/event  x  $50/hour  $6,000 

Per  Diem  to  install  ORC  socks  (2  events):  12  days  x  $136/day  $1,632 

Travel  (2  round  trips  @  $1500  +  2  round  trips  @  $300)  $3,600 

Equipment  Rental  (PID)  for  well  installation:  14  days  x  $65/day  $910 

Equipment  Rental  (PID)  for  sock  installation  (2  events):  4  days  x  $65/day  $260 

Misc.  Supplies:  lumpsum  $1,000 

Handling/Disposal  of  Investigation  Derived  Wastes  (soil,  water,  ORC  socks) 

170  drums  x  $35/drum  $5,950 

Stage  drums  in  central  location:  25  hours  x  $1 00/hour  $2,500 

Drum  Disposal  (170  drums  x  $65/drum)  $11,050 

Disposal-related  tabor  (20  hours  x  $70/hr)  $1 ,400 

Contingency  (10%)  $12,861 

subtotal  $141,467 

assume  1  set  of  socks  lasts  6  months 
assume  wells  extend  7  feet  below  water  table 
assume  wells  on  5-ft  centers 
assume  4-inch  diameter  wells 
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Remedial  Alternative  2  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 


Annual  Operational  Costs  for  ORC  Barrier  (after  year  1) 

Initial  installation  of  ORC  socks  plus  semiannual  replacement  for  3  years 
(total  of  6  sock  installations).  Assume  3  days  per  installation  event  for  2  people 

60  wells  x  7  socks  per  well  x  2  sets  needed  for  1  year  of  operation  x  $37.50/sock 

Labor  per  year:  2  people  x  3  days  x  1 0  hrs/day  x  2  events  x  $50/hr 

Per  Diem  per  year:  12  days  x  $136/day 

Travel  per  year:  lump  sum 

Equipment  Rental  (PID)  per  year:  4  days  x  $65/day 

ORC  Filter  Sock  Disposal:  8  drums/event  x  $1 00/drum  x  2  events 
Disposal-related  labor  (20  hours  x  $70/hour) 

Contingency  (10%) 

Total  for  1  year  (2  installation  events) 


$31,500 

$6,000 

$1,632 

$3,000 

$260 

$1,600 

$1,400 

$4,539 

$49,931 
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Remedial  Alternative  2  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 

Summary  of  Capital  Costs  Plus  First  Year  of  Operational  Costs 

Biosparging  Pilot  Test  $26,558 

Installation  of  the  47-Well  Biosparging  System  $72,917 

Installation  of  ORC  barrier  +  1  st  year  of  operation  $141 ,467 

Groundwater/  Surface  water  Sampling  Quarterly  for  first  year  $57,552 

Soil  Gas  Sampling/  Respiration  Testing  at  6  Locations  for  First  year  $20,588 

Site  Managment  for  first  year  $6,000 

Annual  O&M  Cost-Biosparging  System  $13.192 

Total  Capital  Costs  $338,273 
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Remedial  Alternative  2  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 


Annual  Costs 

Replace  ORC  socks  semiannually  for  3  years 


P/A  i=7%,  n=3 


Annual  Cost 
PWF  =  2.62431604 
Present  Worth  Cost 


Groundwater/  Surface  water  Sampling  Semiannually  for  5  years 

Annual  Cost 


P/A  1=7%,  n=5  PWF  =  4. 1 001 9744 

Present  Worth  Cost 


Biosparging  System  O&M  for  3  years 


Annual  Cost 


P/A  i=7%,  n=3  PWF  =  2.62431 604 

Present  Worth  Cost 

Soil  Gas  Sampling  Semiannually  for  three  years 

Annual  Cost 


P/A  i=7%,  n=3  PWF  =  2.62431 604 

Present  Worth  Cost 


Site  Management  every  year  for  5  years 


Annual  Cost 


P/A  i=7%  n=5 

Future  Costs 

Present  Worth  of  Confirmatory  Soil  Sampling 

P/F  i=7%  n=4 


PWF  =  4.10019744 
Present  Worth  Cost 


Total  Present  Worth  of  Annual  Costs  = 
Total  Cost  Estimate  of  Proposed  Corrective  Action  = 


$49,931 

$131,035 

$28,776 

$117,987 

$13,192 

$34,620 

$20,588 

$54,028 

$6,000 

$24,601 

$9,709 

$362,272 

$710,254 
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Remedial  Alternative  3  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 


Capital  Costs 

Installation  of  the  SVE  System 

Design/Procure/Install  System 
ICE  Unit  (V3) 

Asphalt  Cutting/  Well  Installation 
Electrical  Subcontractor 
Per  Diem 
Travel 

O  &  M  Manual  Preparation 
Emissions  Permitting 
Contingency  (10%) 


130  hours  x 

$70  /hour 

$9,100 

$65,000  lump  sum 

$65,000 

$2,500  lumpsum 

$2,500 

$2,500  lump  sum 

$2,500 

20  days  x 

$136  /day 

$2,720 

$1,500  lumpsum 

$1,500 

40  hours  x 

$60  /hour 

$2,400 

$1,000  lumpsum 

$1,000 

$8,672  lump  sum 

$8,672 

Subtotal 

$95,392 
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Remedial  Alternative  3  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 


Author: 

Date: 

Checked  by: 
Date: 


Installation  of  Pumping  System  (3  wells) 


Design/perform/analyze  24-hour  pumping  test  (lump  sum) 

$10,000 

Labor-Design,  Procure,  Construct 

three  4-inch  wells 

300  hours  x 

$70  /hour 

$21,000 

Drilling  Subcontractor 

54  feet  x 

$70  linear  foot 

$3,780 

Drums 

10 

$35  each 

$350 

Drum  Staging 

2  hours  x 

$100  /hour 

$200 

Pumps 

3 

$1,000  each 

$3,000 

System  Controls 

1 

$4,500  lumpsum 

$4,500 

Per  Diem  in  Field 

24  days 

$136  /day 

$3,264 

Travel 

1 

$1,500  lumpsum 

$1,500 

Equipment  Rental  (datalogger) 

1 

$1,300  lumpsum 

$1,300 

Electrical  Subcontractor 

1 

$6,000  lumpsum 

$6,000 

Contingency  (10%) 

1 

$5,489 

Subtotal 

$60,383 

Design/Construct  GW  Treatment  System 

Labor-Design/Procure 

250  hours 

$70  /hr 

$17,500 

Labor-Construct 

200  hours 

$70  /hr 

$14,000 

Mechanical  Subcontractor 

1 

$12,000  lumpsum 

$12,000 

Prefilter 

1 

$3,000  lumpsum 

$3,000 

Carbon  Cannisters  (2) 

3600  lb 

$2.50  /lb 

$9,000 

Piping/Valves/supplies 

1 

$2,500  lumpsum 

$2,500 

Per  Diem 

30  days 

$136  /day 

$4,080 

Travel 

1  round  trip 

$1,500  /trip 

$1,500 

Equipment  Rental 

1 

$2,000  lump  sum 

$2,000 

Analytical  for  Startup 

$0 

4BTEX 

4 

$90  lea 

$360 

4  PAH 

4 

$240  lea 

$960 

.  Prefabricated  Building 

1 

$2,000  lump  sum 

$2,000 

Discharge  Permitting 

lump  sum 

$1,000 

Contingency  (10%) 

$6,990 

subtotal 

$76,890 

I 

I 
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Remedial  Alternative  3  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 


Annual  Operating  Costs--GW  pump  and  Treat  and  SVE  Systems  (3  years) 


Labor 

Weekly  System  Checks  (2  hr  x  52  wk/yr  x  $60/hr)  $6,240 

Monthly  Sampling  (12  hr  x  12  mo  x  $60/hr)  $8,640 

Monthly  Reporting  (8  hr  x  12  mo  x  $60/hr)  $5,760 

Maintenance  (8  hr  x  12  mo  x  $60/hr)  $5,760 

Analytical 

BTEX  (4/mo  x  12  mo  x  $90/ea)  $4,320 

PAH  (1/mo  x  12  mo  x  $240/ea)  $2,880 

Supplies 

Carbon  Replacement  (avg  5800  Ib/yr  x  $2.50/lb)  $14,500 

Filters  (lumpsum)  $1,000 

Per  Diem  (1 8  days  x  $1 36/day)  $2,448 

Travel  (2  trips  from  Denver  per  year  @  $1500/ea;  12  trips  from  Cary  @  $1 00/rip)  $4,200 

Supplemental  fuel  for  ICE  Unit  ($800/mo  x  12  mo)  $9,600 

Fuel  tank  rental  $1 .000 

Site  Management  $6,000 

Contingency  (10%)  $6.635 

subtotal  $78,983 
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Remedial  Alternative  3  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 


Future  Costs 

Confirmatory  Soil  Sampling  at  4  Locations 


Sampling  Labor 

8  Soil  Samples 

1  QA/QC 

9  Total  Samples 

80  hours  x 

$60  /hour 

$4,800 

Analytical  Subcontractor 

9  BTEX x 

9  Naphthalene  x 

$85  /each 
$240  /each 

$765 

$2,160 

Geoprobe  Rental 

2  days  x 

$500  /day 

$1,000 

Supplies 

$500  lump  sum 

$500 

Travel 

$1,500  lumpsum 

$1,500 

Per  Diem 

4  days  x 

$136  day 

$544 

Office  ODC 

$300  lump  sum 

$300 

Contingency  (10%) 

$1,157  lumpsum 

$1,157 

Total  Future  Cost 

$12,726 
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Remedial  Alternative  3  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 


Annual  and  Operational  Costs 

Soil  Gas  Sampling/Respiration  Testing  at  6  Locations  -  Semiannually 


Soil  Gas  Analysis  (EPA  TO-3) 

6  samples  x 

$130  /sample 

$780 

Sampling  Labor 

64  hours  x 

$60  /hour 

$3,840 

Sample  Shipping 

$250  lumpsum 

$250 

Per  Diem 

8  days  x 

$136  /day 

$1,088 

Travel 

$1,500  lumpsum 

$1,500 

Equipment  Rental  (Meters) 

$500  lump  sum 

$500 

Progress  Report 

20  hours  x 

$70  /hour 

$1,400 

Contingency  (10%) 

$936  lump  sum 

$936 

Subtotal  $10,294 

Total  for  1  year  (two  sampling  events)  $20,588 
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Remedial  Alternative  3  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 


Groundwater  and  Surface  Water  Sampling  -  Quarterly  (1  year),  Semiannually  (4  years) 


Sampling  Labor 

10  Long-Term  Monitoring  Wells 

4  Surface  Water  Samples 

2  QA/QC 

16  Total  Samples 

80  hours  x 

$60  /hour 

$4,800 

Analytical  Subcontractor 

16  BTEX  x 

$90  /each 

$1,440 

10  Naphthalene  x 

$200  /each 

$2,000 

10  Methane 

$86  /each 

$860 

16  Field  Parameters 

$20  /each 

$320 

Supplies 

$500  lump  sum 

$500 

Travel 

$1,500  lumpsum 

$1,500 

Per  Diem 

10  days  x 

$136  day 

$1,360 

Office  ODC 

$300  lump  sum 

$300 

Contingency  (10%) 

$1,308  lumpsum 

$1,308 

Subtotal  $14,388 


Total  for  1  Year  of  Quarterly  Sampling  $57,552 
Total  for  1  Year  of  Semiannual  Sampling  $28,776 
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Remedial  Alternative  3  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 


Summary  of  Costs-Capital  Costs  plus  1st  year  of  O&M 

installation  of  the  SVE  System  $95,392 

Installation  of  the  Pumping  System  $60,383 

Installation  of  the  GW  Treatment  System  $76,890 

Groundwater/  Surface  water  Sampling  Quarterly  for  first  year  $57,552 

Soil  Gas  Sampling/  Respiration  Testing  at  6  Locations  for  First  year  $20,588 

Site  Managment  for  first  year  $6,000 

Annual  O&M  Cost--GW  pump  and  treat  and  SVE  systems  $78,983 

Total  $395,788 
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Remedial  Alternative  3  Cost  Estimate 
Myrtle  Beach  AFB  -  MOGAS  Site 
725522.04000 

Author: 

Date: 

Checked  by: 

Date: 


Annual  Costs 


O&M  for  GW  pump  and  treat  and  SVE  systems  (2  years) 

Annual  Cost 

P/A  i=7%,  n=2  PWF  =  1 .80801817 

Present  Worth  Cost 

Groundwater/  Surface  water  Sampling  Semiannually  for  4  years 

Annual  Cost 

P/A  i=7%,  n=4  PWF  =  3.38721 126 

Present  Worth  Cost 


Soil  Gas  Sampling  Semiannually  for  two  years 

Annual  Cost 

P/A  i=7%,  n=2  PWF  =  1 .80801817 

Present  Worth  Cost 

Site  Management  Every  Year  for  4  Years 

Annual  Cost 

P/A  i=7%  n=4  PWF  =  3.38721126 

Present  Worth  Cost 


Future  Costs 

Present  Worth  of  Confirmatory  Soil  Sampling 

P/F  i=7%  n=4 

Total  Present  Worth  of  Annual  Costs  = 


Total  Cost  Estimate  of  Proposed  Corrective  Action  = 


$78,983 

$142,802 

$28,776 

$97,470 

$20,588 

$37,223 

$6,000 

$20,323 

$9,709 

$297,819 

$703,315 
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SECTION  1 

INTRODUCTION  AND  DATA  QUALITY  OBJECTIVES 


1.1  INTRODUCTION 

The  purpose  of  this  site-specific  sampling  and  analysis  plan  (SAP)  is  to  describe  the 
procedures  to  be  followed  when  collecting  data  in  support  of  source  reduction 
operations,  long-term  monitoring  plan  (LTMP),  and  remediation  verification  sampling 
for  the  risk-based  approach  to  remediation  at  the  MOGAS  site  at  Myrtle  Beach  Air 
Force  Base  (AFB),  South  Carolina.  Details  on  analytical  requirements,  desired 
quantitation  (detection)  limits,  and  proposed  sampling  locations  are  identified  within 
Section  10  of  the  Corrective  Action  Plan  (CAP)  (Parsons  ES,  1996).  Specific  quality 
assurance  (QA)  sampling  requirements  for  the  MOGAS  site  are  summarized  herein  as 
part  of  the  site-specific  sampling  procedures.  These  additional  samples  will  be  used  to 
determine  the  precision,  accuracy,  completeness,  and  representativeness  of  the  final 
data  set. 

The  remainder  of  Section  1  discusses  data  quality  objectives.  Soil  gas  sampling  for 
bioventing  and  biosparging  is  described  in  Section  2;  procedures  for  soil  verification 
sampling  are  presented  in  Section  3;  groundwater/  surface  water  sampling  procedures 
are  described  in  Section  4;  and  field  quality  assurance/quality  control  (QA/QC)  samples 
are  described  in  Section  5.  Section  6  describes  field  data  reduction,  validation,  and 
reporting;  Section  7  presents  analytical  procedures  for  groundwater/  surface  water  and 
soil  verification  sampling.  References  used  in  this  SAP  are  listed  in  Section  8. 

1.2  DATA  QUALITY  OBJECTIVES 

The  objectives  of  collecting  and  analyzing  environmental  samples  are  1)  to 
determine  the  three-dimensional  distribution  of  fuel  hydrocarbon  contamination  at  a 
site;  2)  to  obtain  the  data  needed  to  evaluate  the  effectiveness  of  specific  remedial 
technologies,  including  bio  venting  and  intrinsic  remediation;  3)  to  establish  site-specific 
remediation  goals  that  minimize  or  eliminate  risk  potential  to  receptors  and  limit  offsite 
migration  of  site-related  contamination;  and  4)  to  implement  the  approved  remedial 
design.  This  section  has  been  developed  for  use  in  conjunction  with  sampling  activities 
to  be  undertaken  at  Myrtle  Beach  AFB,  and  describes  the  QA/QC  procedures  and 
protocols  that  will  be  used  during  sample  analysis.  This  section  will  serve  as  a 
controlling  mechanism  during  this  investigation  to  ensure  that  a  sufficient  quantity  ot 
data  is  collected  and  that  all  data  collected  are  valid,  reliable,  and  defensible. 
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1.3  ANALYTICAL  DATA  QUALITY  LEVELS 


Data  quality  objectives  (DQOs)  for  the  analyses  described  herein  are  defined  in  the 
interim  final  guidance,  Data  Quality  Objectives  Process  for  Superfund  (USEPA,  1993). 
The  analytical  levels  for  this  project’s  DQOs  will  conform  to  the  two  USEPA-defined 
categories  of  data.  These  data  categories  are  defined  below  (USEPA,  1993): 

Screening  Data  with  Definitive  Confirmation  -  Screening  data  are  generated  by 
rapid,  less  precise  methods  of  analysis  with  less  rigorous  sample  preparation.  Sample 
preparation  steps  may  be  restricted  to  simple  procedures  such  as  dilution  with  a 
solvent,  instead  of  elaborate  extraction/digestion  and  cleanup.  Screening  data  provide 
analyte  identification  and  quantification,  although  the  quantification  may  be  relatively 
imprecise.  At  least  10  percent  of  the  screening  data  are  confirmed  using  analytical 
methods,  QA/QC  procedures,  and  QC  criteria  associated  with  definitive  data. 
Screening  data  without  associated  confirmation  data  are  not  considered  to  be  data  of 
known  quality.  Results  of  field  laboratory  analyses  conducted  at  the  site  will  be 
considered  screening-category  data. 

Definitive  Data  -  Definitive  data  are  generated  using  rigorous  analytical  methods, 
such  as  approved  USEPA  reference  methods.  Data  are  analyte-specific,  with 
confirmation  of  analyte  identity  and  concentration.  Methods  produce  tangible  raw  data 
(e.g.,  chromatograms,  spectra,  digital  values)  in  the  form  of  hard-copy  printouts  or 
computer-generated  electronic  files.  Data  may  be  generated  at  the  site  or  at  an  off-site 
location,  as  long  as  the  QA/QC  requirements  are  satisfied.  For  the  data  to  be 
definitive,  either  analytical  or  total  measurement  error  must  be  determined.  Results  of 
fixed-based  laboratory  analyses  of  samples  collected  at  the  site  will  be  considered 
definitive  data. 

During  the  AFCEE  risk-based  remediation  program,  the  following  data  quality 
levels  will  be  used  as  indicated: 

•  Screening  analyses  with  definitive  confirmation  will  be  used  for  the  air  screening 
in  worker  breathing  zones  for  health  and  safety  purposes.  This  category  may 
also  be  used  to  screen  samples  to  select  portions  for  further  analysis.  For 
example,  soil  sample  headspace  may  be  screened  to  determine  if  laboratory 
analyses  are  required.  In  addition,  this  data  category  will  be  used  to  determine 
the  presence  of  geochemical  parameters  that  support  intrinsic  remediation  for  fuel 
contaminants  in  groundwater.  Resulting  data  will  be  used  to  evaluate  the 
effectiveness  of  intrinsic  remediation  at  the  site. 

•  Definitive  analyses  will  be  used  to  satisfy  the  requirements  for  site 
characterization,  risk  analysis,  decision  document  preparation,  and  site  cleanup 
prioritization.  USEPA  Level  III  data  from  previous  site  investigations  will  be 
combined  with  newly  acquired  definitive  data  to  evaluate  the  magnitude  and 
extent  of  contamination  at  the  site.  Definitive  data  acquired  during  the 
investigation  will  be  used  to  evaluate  potential  receptor  risks  and  to  develop 
remedial  alternatives. 
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An  effective  QA  program  addresses  DQOs  for  both  field  sampling  and  laboratory 
methodologies.  The  contractor's  field  QA  efforts  will  focus  on  assuring  that  samples 
are  representative  of  the  conditions  in  the  various  environmental  media  at  the  time  of 
sampling.  Fixed-based  laboratory  QA  efforts  will  be  aimed  primarily  at  assuring  that 
analytical  procedures  provide  sufficient  accuracy  and  precision  to  reliably  quantify 
contaminant  levels  in  environmental  samples.  The  contract  laboratory  also  will  ensure 
that  analyzed  portions  are  representative  of  each  sample,  and  that  the  results  obtained 
from  analysis  of  each  sample  are  comparable  to  those  obtained  from  analysis  of  other 
similar  samples. 

1.4  DATA  QUALITY  ASSESSMENT  CRITERIA 

Data  assessment  criteria  will  be  used  to  evaluate  the  quality  of  both  the  field 
sampling  and  screening  methods  and  laboratory  performance  for  the  project,  and  are 
expressed  in  terms  of  analytical  precision,  accuracy,  representativeness,  completeness, 
and  comparability.  Procedures  used  to  assess  data  accuracy  and  precision  are  in 
accordance  with  Guidelines  Establishing  Test  Procedures  for  the  Analyses  of 
Pollutants,  Appendix  III,  "Example  Quality  Assurance  and  Quality  Control  Procedures 
for  Organic  Priority  Pollutants"  (40  CFR  136),  and  the  respective  analytical  methods 
from  the  USEPA  (1995)  Test  Methods  for  Evaluating  Solid  Waste:  Physical/Chemical 
Methods,  SW-846. 

1.4.1  Precision 

Precision  is  the  measure  of  variability  among  individual  sample  measurements  unde r 
prescribed  conditions.  The  results  of  laboratory  control  samples  (LCS)  demonstrate  the 
precision  of  the  methods.  When  the  LCS  results  meet  the  accuracy  criteria,  (USEPA, 
1995)  results  are  believed  to  be  precise.  This  is  based  on  the  LCS  being  within  control 
limits  in  comparison  to  LCS  results  from  previous  analytical  batches  of  similar  methods 
and  matrices.  The  relative  percent  difference  (RPD)  of  field  duplicate,  laboratory 
sample  duplicate,  and  matrix  spike/matrix  spike  duplicates  (MS/MSD)  results 
demonstrate  the  precision  of  the  sample  matrix.  Precision  will  be  expressed  in  terms  of 
RPD  between  the  values  resulting  from  duplicate  analyses.  RPD  is  calculated  as 
follows: 

RPD  =  [(xl  -  x2)/X][100] 

where: 

xl  =  analyte  concentration  in  the  primary  sample 

x2  =  analyte  concentration  in  the  duplicate  sample 

X  =  average  analyte  concentration  in  the  primary  and  the 

duplicate  sample. 

Acceptable  levels  of  precision  will  vary  according  to  the  sample  matrix,  the  specific 
analytical  method,  and  the  analytical  concentration  relative  to  the  method  detection 
limit  (MDL).  For  field  duplicate  samples,  the  target  RPDs  are  <  35  percent  for  soil  and 
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water  samples.  Precision  criteria  for  the  laboratory  QC  samples  are  defined  by  limits 
listed  in  Table  1.1.  An  RPD  within  the  control  limit  indicates  satisfactory  precision  in 
a  measurement  system. 

1.4.2  Accuracy 

Accuracy  is  a  measure  of  the  closeness  of  a  reported  concentration  to  the  true  value. 
Accuracy  is  expressed  as  a  bias  (high  or  low)  and  is  determined  by  calculating  percent 
recovery  (%R)  from  MS/MSDs,  LCSs,  and  surrogate  spikes.  MS/MSD  and  surrogate 
spike  %Rs  indicate  accuracy  relevant  to  a  unique  sample  matrix.  LCS  %Rs  indicate 
accuracy  relevant  to  an  analytical  batch  lot,  and  are  strictly  a  measure  of  analytical 
accuracy  conditions  independent  of  samples  and  matrices.  The  %R  of  an  analyte,  and 
the  resulting  degree  of  accuracy  expected  for  the  analysis  of  QC  spiked  samples,  are 
dependent  upon  the  sample  matrix,  method  of  analysis,  and  the  compound  or  element 
being  measured.  The  concentration  of  the  analyte  relative  to  the  detection  limit  of  the 
method  also  is  a  major  factor  in  determining  the  accuracy  of  the  measurement. 

Accuracy  is  expressed  as  %R  and  is  calculated  as  follows: 

%R  =  [<A-B)/C]  x  100 


where: 

A  =  spiked  sample  concentration 

B  =  measured  sample  concentration  (without  spike) 

C  =  concentration  of  spike  added. 

Accuracy  criteria  for  the  laboratory  are  defined  by  control  limits  listed  in  Table  1.1. 
1.4.3  Completeness 

Completeness  is  defined  as  the  percentage  of  laboratory  measurements  judged  to  be 
valid  on  a  method-by-method  basis.  Valid  data  are  defined  as  all  data  and/or  qualified 
data  considered  to  meet  the  DQOs  for  this  project.  Data  completeness  is  expressed  as 
percent  complete  (PC)  and  should  be  ^  90  percent.  The  goal  for  meeting  analytical 
holding  times  is  100  percent.  At  the  end  of  each  sampling  event,  the  completeness  of 
the  data  will  be  assessed.  If  any  data  omissions  are  apparent,  the  parameter  in  question 
will  be  resampled  and/or  reanalyzed,  if  feasible.  The  laboratory  results  will  be 
monitored  as  they  become  available  to  assess  laboratory  performance  and  its  effect  on 
data  completeness  requirements.  When  appropriate,  additional  samples  will  be 
collected  to  ensure  that  laboratory  performance  meets  PC  requirements. 


1-4 


4 


K:\MYRTLE\TEXT\SQAP.WW6 


TABLE  1.1 

QC37  ACCEPTANCE  CRITERIA 
SITE  SAMPLING  AND  ANALYSIS  PLAN 
RISK-BASED  APPROACH  TO  FUEL  SPILL  REMEDIATION 


Parameter /Method 

Analyte 

Accuracy 
Water 
(%  R) b/ 

Precision 
Water 
(RPD) c/ 

Accuracy 

Soil 

(%R) 

Precision 

Soil 

(RPD) 

Aromatic  Volatile 

1 ,2-Dichlorobenzene 

61-134 

£20 

51-144 

£30 

Organic  Compounds 

SW5030A/SW8020A 

1 ,3-Dichlorobenzene 

70-131 

£20 

60-141 

£30 

(Wd/,S*/) 

1 ,4-Dichlorobenzene 

75-126 

£20 

66-136 

£30 

Benzene 

75-125 

•  £20 

66-135 

£30 

Chlorobenzene 

75-129 

£20  • 

66-139 

£30 

Ethylbenzene 

71-129 

£20 

61-139 

£30 

Toluene 

70-125 

£20 

60-135 

£30 

Xylenes,  total 

71-133 

£20 

61-143 

£30 

Surrogates: 

Bromochlorobenzene 

46-136 

NAf/ 

36-146 

NA 

Bromofluorobenzene 

48-138 

NA 

38-148 

NA 

Difluorobenzene 

48-138 

NA 

38-148 

NA 

Fluorobenzene 

44-165 

NA 

34-175 

NA 

1,1,1  -Trifluorotoluene 

44-165 

NA 

34-175 

NA 

Methane 

Methane 

70-130 

£20 

NA 

NA 

SW3810  Modified 

Ethane 

70-130 

£20 

NA 

NA 

(W) 

Ethene 

70-130 

£20 

NA 

NA 

Volatile  Organics 

1,1,1 ,2-Tetrachloroethane 

72-125 

£20 

62-108 

£30 

SW5030A/SW8260A 

1,1,1  -Trichloroethane 

75-125 

£20 

65-135 

£30 

(W,S) 

1,1 ,2,2-Tetrachloroethane 

74-125 

£20 

64-135 

£30 

1 , 1 ,2-T  richloroethane 

75-127 

£20 

65-135 

£30 

1,1-Dichloroethane 

72-125 

£20 

62-135 

£30 

1,1-Dichloroethene 

75-125 

£20 

65-135 

£30 

1 , 1-Dichloropropene 

75-125 

£20 

65-135 

£30 

1 ,2,3-Trichlorobenzene 

75-137 

£20 

65-147 

£30 

1 ,2,3-Trichloropropane 

75-125 

£20 

65-135 

£30 

1 ,2,4-Trichlorobenzene 

75-135 

£20 

65-145 

£30 

1,2,4-Trimethyl  Benzene 

75-125 

£20 

65-135 

£30 
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TABLE  1.1  (Continued) 

QC  ACCEPTANCE  CRITERIA  ■ 

SITE  SAMPLING  AND  ANALYSIS  PLAN  ■ 

RISK-BASED  APPROACH  TO  FUEL  SPILL  REMEDIATION 


Parameter/Method 

Analyte 

Accuracy 
Water 
(%  R) b/ 

Precision 
Water 
(RPD) c/ 

Accuracy 

Soil 

(%R) 

Precision 

Soil 

(RPD) 

Volatile  Organics  (Cont) 

1 ,2-Dichloroethane 

68-127 

£20 

58-137 

£30 

SW5030A/SW8260A 

1 ,2-Dichlorobenzene 

75-125 

£20 

65-135 

£30 

(W,S) 

l,2-Dibromo-3- 

chloropropane 

59-125 

£20 

49-135 

£30 

1 ,2-Dichloropropane 

70-125 

£20 

60-135 

£30 

1 ,2-Dibromoethane 

75-125 

<.20 

65-135 

£30 

1 ,3,5-Trimethylbenzene 

72-112 

£20 

62-135 

£30 

1 ,3-Dichlorobenzene 

75-125 

£20 

65-135 

£30 

1 ,4-Dichlorobenzene 

75-125 

£20 

65-135 

£30 

1-Chlorohexane 

75-125 

£20 

65-135 

£30 

2,2-Dichloropropane 

75-125 

£20 

65-135 

£30 

2-Chlorotoluene 

73-125 

£20 

63-135 

£30 

4-Chlorotoluene 

74-125 

£20 

64-135 

£30 

Benzene 

75-125 

£20 

65-135 

£30 

Bromobenzene 

75-125 

£20 

65-135 

£30 

Bromochloromethane 

73-125 

£20 

63-135 

£30 

Bromodichloromethane 

75-125 

£20 

65-135 

£30 

Bromoform 

: 

75-125 

£20 

65-135 

£30 

Bromomethane 

72-125 

£20 

62-135 

£30 

Carbon  Tetrachloride 

62-125 

£20 

52-135 

£30 

Chlorobenzene 

75-125 

£20 

65-135 

£30 

Chlorodibromomethane 

75-125 

£20 

65-135 

£30 

Chloroethane 

65-125 

£20 

55-135 

£30 

Chloroform 

74-125 

£20 

64-135 

£30 

Chloromethane 

75-125 

£20 

65-135 

£30 

Cis-1 ,2-Dichloroethene 

75-125 

£20 

65-135 

£30 

Cis-l,3-Dichloropropene 

74-125 

£20 

64-135 

£30 

Dibromochloromethane 

73-125 

£20 

63-135 

£30 

Dibromomethane 

69-127 

£20 

59-137 

£30 

Dichlorodifluoromethane 

75-125 

£20 

65-135 

£30 

Dichloropropene 

75-125 

£20 

65-135 

£30 
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TABLE  1.1  (Continued) 

QC  ACCEPTANCE  CRITERIA 
SITE  SAMPLING  AND  ANALYSIS  PLAN 
RISK-BASED  APPROACH  TO  FUEL  SPELL  REMEDIATION 


Parameter /Method 

Analyte 

Accuracy 

Water 

(%R)b/ 

Precision 
Water 
(RPD) c/ 

Accuracy 

Soil 

(%R) 

Precision 

Soil 

(RPD) 

Volatile  Organics  (Cont) 

Ethylbenzene 

75-125 

£20 

65-135 

£30 

SW5030A/SW8260A 

Hexachlorobutadiene 

75-125 

£20 

65-135 

£30 

(W,S) 

Isopropylbenzene 

75-125 

£20 

65-135 

£30 

m-Xylene 

75-125 

£20 

65-135 

£30 

Methylene  Chloride 

75-125 

£20 

65-135 

£30 

n-Butylbenzene 

75-125 

£20 

65-135 

£30 

n-Propylbenzene 

75-125 

£20 

65-135 

£30 

Naphthalene 

75-125 

£20 

65-135 

£30 

o-Xylene 

75-125 

£20 

65-135 

£30 

p-Isopropyltoluene 

75-125 

£20 

65-135 

£30 

p-Xylene 

75-125 

£20 

65-135 

£30 

Sec-Butylbenzene 

75-125 

£20 

65-135 

£30 

Styrene 

75-125 

£20 

65-135 

£30 

Trichloroethene 

71-125 

£20 

61-135 

£30 

Tetrachloroethylene 

71-125 

£20 

61-135 

£30 

Toluene 

74-125 

£20 

64-135 

£30 

Trans- 1 ,2-Dichloroethene 

75-125 

£20 

65-135 

£30 

Trans-1 ,3-Dichloropropene 

66-125 

£20 

56-135 

£30 

Trichlorofluoromethane 

67-125 

£20 

57-135 

£30 

Vinyl  Chloride 

46-134 

£20 

36-144 

£30 

Xylenes,  Total 

Surrogates: 

75-125 

£20 

65-135 

£30 

Dibromofluoromethane 

75-125 

NA 

65-135 

NA 

Toluene-D8 

75-125 

NA 

65-135 

NA 

4-Bromofluorobenzene 

75-125 

NA 

65-135 

NA 

1 ,2-Dichloroethane-D4 

62-139 

NA 

52-149 

NA 

Semi  volatile  Organics 

1 ,2,4-Trichlorobenzene 

44-142 

£20 

34-152 

£  30 

Base/Neutral 

Extractables 

1 ,2-Dichlorobenzene 

42-155 

£20 

32-135 

£30 

SW3510B/SW8270B  (W) 

1 , 3  -D  i  chlorobenzene 

36-125 

£20 

26-135 

£30 

SW3550A/SW8270B  (S) 

1 ,4-Dichlorobenzene 

30-125 

£20 

25-135 

£30 
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TABLE  1.1  (Continued) 

QC  ACCEPTANCE  CRITERIA 
SITE  SAMPLING  AND  ANALYSIS  PLAN 
RISK-BASED  APPROACH  TO  FUEL  SPILL  REMEDIATION 


Parameter/Method 

Analyte 

Accuracy 
Water 
(%  R) b/ 

Precision 

Water 

(RPD)e/ 

Accuracy 
Soil 
(%  R) 

Precision 

Soil 

(RPD) 

Semivolatile  Organics 

2,4-DinitrotoIuene 

39-139 

£20 

29-149 

£30 

Base/Neutral  Extractables 

2,6-Dinitrotoluene 

51-125 

£  20 

41-135 

£30 

SW3510B/SW8270B  (W) 

2-Chloronaphthalene 

60-125 

<£20 

50-135 

£30 

SW3550A/SW8270B  (S) 

2-MethyInaphthalene 

41-125 

£20 

31-135 

£30 

(Cont) 

2-NitroaniIine 

50-125 

£20 

40-135 

£30 

S^'-Dichlorobenzidine 

29-175 

£  20 

25-175 

£30 

3-Methylphenol 

41-144 

£20 

31-154 

£30 

3-Nitroaniline 

51-125 

£20 

41-135 

£30 

4-Bromophenyl  Phenyl  Ether 

53-127 

£20 

43-137 

£30 

4-Chloroaniline 

45-136 

£20 

35-146 

£30 

4-Chlorophenyl  Phenyl  Ether 

51-132 

£20 

41-142 

£30 

4-Nitroaniline 

40-143 

£20 

30-153 

£30 

Acenaphthalene 

47-125 

£20 

37-135 

£30 

Acenaphthene 

49-125 

£20 

39-135 

£30 

Anthracene 

45-165 

£20 

35-175 

£30 

Benz  (a)  Anthracene 

51-133 

£20 

41-143 

£30 

Benzo  (a)  Pyrene 

41-125 

£20 

31-135 

£30 

Benzo  (b)  Fluoranthene 

37-125 

£20 

27-1  35 

£30 

Benzo  (g,h,i)  Perylene 

34-149 

£20 

25-159 

£30 

Benzo  (k)  Fluoranthene 

37-125 

£20 

27-135 

£30 

Benzyl  Alcohol 

35-125 

£20 

25-135 

£30 

Bis  (2-chloroethoxy)  Methane 

49-125 

£20 

39-135 

£30 

Bis  (2-chIoroethyl)  Ether 

44-125 

£20 

34-135 

£30 

Bis  (2-chloroisopropyl)  Ether 

36-166 

£20 

26-175 

£30 

Bis  (2-ethylhexyl)  Phthalate 

33-129 

£20 

25-139 

£30 

Butyl  Benzyl  Phthalate 

26-125 

£20 

25-135 

£30 

Carbazole 

34-132 

£20 

25-142 

£30 

Chrysene 

55-133 

£20 

45-143  I 

£30 

Di-n-Butyl  Phthalate 

34-126 

£20 

25-136 

£30 

Di-n-Octyl  Phthalate 

38-127 

£20 

28-137 

£30 

Dibenzo  (a,h)  Anthracene 

50-125 

£20 

40-135 

£30 
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TABLE  1.1  (Continued) 

QC  ACCEPTANCE  CRITERIA 
SITE  SAMPLING  AND  ANALYSIS  PLAN 
RISK-BASED  APPROACH  TO  FUEL  SPILL  REMEDIATION 


Accuracy 

Precision 

Accuracy 

Precision 

Parameter/Method 

Analyte 

Water 
(%  R) b/ 

Water 
(RPD) c/ 

Soil 

(%R) 

Soil 

(RPD) 

Semivolatile  Organics 

Dibenzofuran 

52-125 

£20 

42-135 

£30 

Base/Neutral 

Extractables 

Diethyl  Phthalate 

37-125 

£20 

27-135 

£30 

SW3510B/SW8270B  (W) 

Dimethyl  Phthalate 

25-175 

£  20 

25-175 

£30 

SW3550A/SW8270B  (S) 

Fluoranthene 

47-125 

<120 

37-135 

£30 

(Cont) 

Fluorene 

48-139 

<5  20 

38-149 

£30 

Hexachlorobenzene 

46-133 

£20 

36-143 

£30 

Hexachlorobutadiene 

25-125 

£20 

25-135 

£30 

Hexachlorocyclopentadiene 

41-125 

£20 

31-135 

£30 

Hexachloroethane 

25-153 

£20 

25-163 

£30 

Indeno  (l,2,3-c,d)  Pyrene 

27-160 

£  20 

25-170 

£  30 

Isophorone 

26-175 

£20 

25-175 

£  30 

N-Nitrosodi-n-propylamine 

37-125 

£20 

27-135 

£30 

N-Nitrosodiphenylamine 

27-125 

£20 

25-135 

£30 

Naphthalene 

50-125 

£20 

40-135 

£30 

Nitrobenzene 

46-133 

£20 

36-143 

£30 

p-Chloroaniline 

56-125 

£20 

46-135 

£30 

Phenanthrene 

54-125 

£20 

44-135 

£30 

Pyrene 

47-136 

£20 

37-146 

£30 

Semivolatile  Organics 

2,4,5-Trichlorophenol 

25-175 

£20 

25-175 

£30 

Acid  Extractables 

2,4,6-Trichlorophenol 

39-128 

£20 

29-138 

£30 

SW3510B/SW8270B  (W) 

2,4-Dichlorophenol 

46-125 

£20 

36-135 

£30 

SW3550A/SW8270B  (S) 

2,4-DimethylphenoI 

45-139 

£20 

35-149 

£30 

2,4-Dinitrophenol 

30-151 

£20 

25-161 

£30 

2-Chlorophenol 

41-125 

£20 

31-135 

£30 

2-Methylphenol 

25-125 

£20 

25-135 

£30 

2-Nitrophenol 

44-125 

£20 

34-135 

£30 

4,6-Dinitro-2-Methyl  Phenol 

26-134 

£20 

25-144 

£30 

4-Chloro-3 -Methyl  Phenol 

44-125 

£20 

34-135 

£30 

4-Methylphenol 

33-125 

£20 

25-135 

£30 

4-Nitrophenol 

25-131 

£20 

25-141 

£30 
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TABLE  1.1  (Continued) 

QC  ACCEPTANCE  CRITERIA 
SITE  SAMPLING  AND  ANALYSIS  PLAN 
RISK-BASED  APPROACH  TO  FUEL  SPILL  REMEDIATION 


Parameter/Method 

Analyte 

Accuracy 
Water 
(%  R) b/ 

Precision 
Water 
(RPD)  e/ 

Accuracy 

Soil 

(%R) 

Precision 

Soil 

(RPD) 

Benzoic  Acid 

25-162 

£  20 

25-172 

£30 

Semivolatile  Organics 

Pentachlorophenol 

28-136 

£20 

38-146 

£30 

Add  Extractables 

Phenol 

25-125 

£20 

25-135 

£30 

SW3510B/SW8270B  (W) 

Surrogates: 

SW3550A/SW8270B  (S) 

2,4,6-Tribromophenoi 

25-134 

NA 

25-144 

NA 

(Cont) 

2-Fluorobiphenyl 

43-125 

NA 

34-135 

NA 

2-Fluorophenol 

25-125 

NA  • 

••25-135 

NA 

Nitrobenzene-D5 

32-1  3 

NA 

25-135 

NA 

Phenol-D5 

25-125 

NA 

25-135 

NA 

Terphenyl-D14 

42-126 

NA 

32-136 

NA 

Polynuclear  Aromatic 

1-Methylnaphthalene 

25-150 

£30 

25-160 

£50 

Hydrocarbons 

2-MethyInaphthaIene 

25-150 

£30 

25-160 

£50 

SW3510B/SW83 10  (W) 

Acenaphthalene 

49-125 

£30 

39-135 

£50 

SW2550A/SW8310  (S) 

Acenaphthene 

43-130 

£30 

33-140 

£50 

Anthracene 

54-125 

£30 

44-135 

£50 

Benzo  (a)  Anthracene 

39-135 

£30 

29-145 

£50 

Benzo  (a)  Pyrene 

52-125 

£30 

42-135 

£50 

Benzo  (b)  Fluoranthene 

31-137 

£30 

25-147 

£50 

Benzo  (g>h,i)  Perylene 

53-125 

£30 

43-135 

£50 

Benzo  (k)  Fluoranthene 

60-129 

£30 

50-139 

£50 

Chrysene 

59-134 

£  30 

49-144 

£50 

Dibenzo  (a,h)  Anthracene 

51-125 

£30 

41-135 

£50 

Fluoranthene 

42-125 

£30 

32-135 

£50 

Fluorene 

53-125 

£30 

43-135 

£50 

Indeno  (l,2,3-c,d)  Pyrene 

55-125 

£  30 

45-135 

£50 

Naphthalene 

43-125 

£30 

33-135 

£50 

Phenanthrene 

52-129 

£30 

42-139 

£50 

Pyrene 

Surrogates : 

55-125 

£30 

45-135 

£50 

Terphenyl-D14 

25-157 

NA 

22-167 

NA 

1-10 


I:\IN\CHRLSTON\SAPT73.WW6 


I 


TABLE  1.1  (Continued) 

QC  ACCEPTANCE  CRITERIA 
SITE  SAMPLING  AND  ANALYSIS  PLAN 
RISK-BASED  APPROACH  TO  FUEL  SPILL  REMEDIATION 


Accuracy 

Precision 

Accuracy 

Precision 

Parameter/Method 

Analyte 

Water 
(%  R) b/ 

Water 
(RPD) c/ 

Soil 

(%R) 

Soil 

(RPD) 

ICP  Screen  for  Metals 

Aluminum 

80-120 

80-120 

£25 

SW3005A/SW 6010 A  (W) 

Antimony 

80-120 

80-120 

£25 

SW3050A/SW6010A  (S) 

Arsenic 

80-120 

5  15 

80-120 

£25 

Barium 

80-120 

£  15 

80-120 

£25 

Beryllium 

80-120 

£  15 

80-120 

£25 

Cadmium 

80-120 

£  15 

80-120 

£25 

Calcium 

80-120 

£  15 

80-120 

£25 

Chromium 

80-120 

£  15 

80-120 

£25 

Cobalt 

80-120 

£  15 

80-120 

£25 

Copper 

80-120 

£  15 

80-120 

£25 

Iron 

80-120 

£  15 

80-120 

£25 

Lead 

80-120 

5  15 

80-120 

£25 

Magnesium 

80-120 

£  15 

80-120 

£25 

Manganese 

80-120 

^  15 

80-120 

£25 

Molybdenum 

80-120 

£  15 

80-120 

£25 

Nickel 

80-120 

£  15 

80-120 

£25 

Potassium 

80-120 

£  15 

80-120 

£25 

Selenium 

80-120 

£  15 

80-120 

£25 

Silver 

80-120 

£  15 

80-120 

£25 

Sodium 

80-120 

£  15 

80-120 

£25 

Thallium 

80-120 

£  15 

80-120 

£25 

Vanadium 

80-120 

£  15 

80-120 

£25 

Zinc 

80-120 

£  15 

80-120 

£25 

SW3020A/SW7421  (W) 
SW3050A/SW7421  (S) 

Lead 

74-124 

£  15 

74-124 

£25 

Common  Anions 

Bromide 

86-112 

£20 

86-112 

£30 

SW9060 

Chloride 

91-111 

£20 

91-111 

£30 

Fluoride 

86-114 

£20 

86-114 

£30 

Nitrate 

90-110 

£20 

90-110 

£30 

Nitrite 

88-116 

£20 

88-116 

£30 

Phosphate 

87-110 

£20 

87-110 

£30 
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TABLE  1.1  (Continued) 

QC  ACCEPTANCE  CRITERIA 
SITE  SAMPLING  AND  ANALYSIS  PLAN 
RISK-BASED  APPROACH  TO  FUEL  SPELL  REMEDIATION 


Accuracy 

Precision 

Accuracy 

Precision 

Parameter/Method 

Analyte 

Water 

Water 

Soil 

Soil 

(%  R)  b/ 

(RPD) e/ 

(%R) 

(RPD) 

SW9060  (cont) 

Sulfate 

88-115 

£20 

88-115 

£30 

E160.1 

Total  Dissolved  Solids 

NA 

£  20 

NA 

NA 

E160.2 

Total  Suspended  Solids 

NA 

£20 

NA 

NA 

E310.1 

Alkalinity 

80-120 

£20 

80-120 

NA 

E353.1 

Nitrogen,  nitrate/nitrite 

80-120 

£20 

80-120 

NA 

SW9050 

Conductance 

NA 

£20 

NA 

NA 

SW9040 

PH 

NA 

NA 

NA 

NA 

SOURCE:  AFCEE  QAPP,  Version  1.1,  February  1996 

y  QC  =  Quality  Control 
b/  %R  =  Percent  Recovery 
d  RPD  =  Relative  percent  difference 
*  W  =  Water 
d  S  =  Soil 
f/  NA  =  Not  applicable 
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PC  is  calculated  as  follow.  : 


pc=—xm 

Ni 


Where: 


Na  =  Actual  number  of  valid  analytical  results  obtained 

Nr  =  Theoretical  number  of  results  obtainable  under  ideal  conditions. 

1.4.4  Comparability 

Comparability  expresses  the  confidence  with  which  data  from  one  sample,  sampling 
round,  site,  laboratory,  or  project  can  be  compared  to  those  from  another. 
Comparability  during  sampling  is  dependent  upon  sampling  program  design  and  time 
periods.  Comparability  during  analysis  is  dependent  upon  analytical  methods, 
detection  limits,  laboratories,  units  of  measure,  and  sample  preparation  procedures. 

Comparability  is  determined  on  a  qualitative  rather  than  quantitative  basis.  For  this 
project,  comparability  of  all  data  collected  will  be  ensured  by  adherence  to  standard 
sample  collection  procedures,  standard  field  measurement  procedures,  and  standard 
reporting  methods,  including  consistent  units.  For  example,  concentrations  will  be 
reported  in  a  manner  consistent  with  general  industry  practice  (e.g.,  soil  data  will  be 
reported  on  a  dry- weight  basis). 

In  addition,  to  support  the  comparability  of  fixed-base  laboratory  analytical  results 
with  those  obtained  in  previous  or  future  testing,  all  samples  will  be  analyzed  by 
USEPA-approved  methods,  where  available.  The  USEPA-recommended  maximum 
permissible  holding  times  for  organic  and  inorganic  parameters  will  not  be  exceeded. 
All  analytical  standards  will  be  traceable  to  standard  reference  materials.  Instrument 
calibrations  will  be  performed  in  accordance  with  USEPA  method  specifications,  and 
will  be  checked  at  the  frequency  specified  for  the  methods.  The  results  of  these 
analyses  can  then  be  compared  with  analyses  by  other  laboratories  and/or  with  analyses 
for  other  sites  addressed  by  this  site  investigation. 

1.4.5  Representativeness 

Representativeness  expresses  the  extent  to  which  collected  data  define  site 
contamination.  Where  appropriate,  sample  results  will  be  statistically  characterized  to 
determine  the  degree  to  which  the  data  accurately  and  precisely  represent  a 
characteristic  of  a  population,  parameter  variation  at  a  sampling  point,  a  process,  or  an 
environmental  condition. 

Sample  collection,  handling,  and  analytical  procedures  will  strive  to  obtain  the  most 
representative  sample  possible.  Representative  samples  will  be  achieved  by  the 
following: 
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Collection  of  samples  from  locations  fully  representing  site  conditions; 


•  Use  of  appropriate  sampling  procedures,  including  equipment  and  equipment 
decontamination; 

•  Use  of  appropriate  analytical  methods  for  the  required  parameters  and  project 
reporting  limits;  and 

•  Analysis  of  samples  within  the  required  holding  times. 

Sample  representativeness  also  is  affected  by  the  portion  of  each  collected  sample 
that  is  chosen  for  analysis.  The  laboratory  will  adequately  homogenize  all  samples 
prior  to  taking  aliquots  for  analysis  to  ensure  that  the  reported  results  are  representative 
of  the  sample  received.  Because  many  homogenization  techniques  may  cause  loss  of 
contaminants  through  volatilization,  homogenization  for  all  volatile  organic  compound 
(VOC)  method  analyses  will  be  performed  with  extreme  care  to  minimize  these  risks. 
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SECTION  2 

SOIL  GAS  SAMPLING 


2.1  INTRODUCTION 

Soil  gas  will  be  used  as  an  indicator  of  subsurface  hydrocarbon  contamination  and  to 
assess  the  effectiveness  of  in  situ  bioventing  and  biosparging  operations  in  removing 
source  contamination  at  the  site.  The  use  of  soil  gas  to  delineate  potential  subsurface 
contamination  and  to  determine  effectiveness  of  source  reduction  technologies  has 
several  economic  and  technical  advantages  over  more  traditional  drilling  and  soil 
sampling  techniques.  The  labor  and  equipment  cost  can  be  significantly  less  than  a 
conventional  drilling  and  sampling  team.  Many  new  hydraulically  driven,  multi¬ 
purpose  probes  can  be  used  for  soil  gas  sampling.  These  probes  can  be  advanced  as 
quickly  as  conventional  augers  and  do  not  produce  drill  cuttings  which  can  require 
expensive  analysis  and  disposal.  Further,  soil  gas  sampling  can  represent  the  average 
chemistry  of  several  cubic  feet  of  soil  as  compared  to  a  discrete  soil  sample,  which  can 
only  describe  a  few  cubic  inches  of  the  subsurface.  This  is  of  particular  importance  in 
risk-based  remediation  projects  where  the  extent  of  contamination  and  the  degree  of 
contaminant  removal  can  most  accurately  be  determined  by  using  multiple  soil  gas 
sampling  locations. 

2.2  SOIL  GAS  SAMPLING  FREQUENCY  AND  LOCATIONS 

The  test  equipment  and  methods  that  will  be  required  to  conduct  field  soil  gas 
sampling  as  part  of  the  risk-based  remediation  at  this  site  are  described  fully  in 
Addendum  One  to  Test  Plan  and  Technical  Protocol  for  a  Field  Treatability  Test  for 
Bioventing  -  Using  Soil  Gas  Surveys  to  Determine  Bioventing  Feasibility  and  Natural 
Attenuation  Potential  (Downey  and  Hall,  1994).  In  summary,  soil  gas  sampling  will  be 
conducted  initially  to  establish  a  soil  gas  chemistry  baseline  prior  to  implementation  of 
full-scale  bioventing  and  biosparging  at  the  site.  Field  screening  analytical  samples 
will  be  collected  biannually  during  bioventing  and  biosparging  operations  to  assess 
contaminant  removal  rates,  radius  of  influence,  and  oxygenation  of  contaminated 
saturated  and  unsaturated  soils.  Bioventing/  biosparging  operations  are  expected  to 
decrease  contaminant  mass  in  soil  underlying  the  MOGAS  site  to  maintain  COPCs 
concentrations  at  levels  below  soil  leaching  SSTLs. 

Soil  gas  sampling  will  be  performed  every  6  months  during  bioventing/biosparging 
operations  to  measure  contaminant  reduction,  oxygen  utilization,  biodegradation  rates. 
Once  soil  gas  contaminant  concentrations  and  respiration  rates  indicate  contaminant 
mass  loss  via  biodegradation,  confirmatory  soil  samples  will  be  collected  to  verify  that 
bioventing  operations  have  maintained  soil  contaminant  concentrations  below  the  most 
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stringent  Tier  2  site-specific  target  levels  (SSTLs).  This  is  anticipated  to  take 
approximately  3  years.  Results  of  soil  gas  sampling  for  both  bioventing  and 
biosparging  operations  will  be  provided  to  Myrtle  Beach  AFB,  the  US  Air  Force 
Center  for  Environmental  Excellence  (AFCEE),  and  the  South  Carolina  Department  of 
Health  and  Environmental  Control  (SCDHEC)  to  update  all  parties  involved  in  the 
remediation  process. 

2.3  SOIL  GAS  SAMPLING  PROCEDURES 

Soil  gas  sampling  will  be  conducted  at  eight  existing  and  several  newly  installed 
MPs  (and  groundwater  monitoring,  air  sparging,  and  vent  wells  with  unsaturated 
screen  when  possible).  Gaseous  concentrations  of  carbon  dioxide  (C02)  and  oxygen 
(02)  will  be  measured  in  the  field  using  an  02/C02  analyzer.  The  analyzer  will 
generally  have  an  internal  battery-powered  sampling  pump  and  range  settings  of  0  to  25 
percent  for  both  02  and  C02.  Before  analyzing  samples,  the  analyzer  must  be 
calibrated  and  the  battery  charge  checked.  The  analyzer  will  be  calibrated  daily  using 
atmospheric  conditions  of  02  (20.9  percent)  and  C02  (0.05  percent)  and  a  gas  standard 
containing  0.0  percent  02  and  5.0  percent  C02. 

Total  volatile  hydrocarbon  (TVH)  concentrations  also  will  be  measured  at  the 
MOGAS  site.  The  TVH  analyzer  used  at  the  site  will  be  capable  of  measuring 
hydrocarbon  concentrations  in  the  range  of  1  to  20,000  parts  per  million,  volume  per 
volume  (ppmv).  The  analyzer  is  also  capable  of  distinguishing  between  methane  and 
non-methane  hydrocarbons.  The  TVH  analyzer  will  be  calibrated  daily  using  a  4,000 
ppmv  hexane  calibration  gas. 

All  soil  gas  samples  taken  during  monitoring  at  the  site  will  be  collected  using  3- 
liter  Tedlar®  bags  and  a  vacuum  chamber.  The  soil  gas  samples  will  be  analyzed  by 
attaching  the  02/C02  and  TVH  analyzers  directly  to  the  Tedlar®  bag.  Sample  locations 
identified  for  analytical,  compound-specific  analysis  will  be  re-sampled  using  3-liter 
Tedlar®  bags  and  a  vacuum  chamber.  The  samples  will  then  be  transferred  to  1-liter 
SUMMA®  canisters  and  shipped  to  Air  Toxics,  Inc.  in  Folsom,  California  for 
compound-specific  analysis  using  US  Environmental  Protection  Agency  (USEPA) 
analytical  Method  TO-3  (refer  to  Table  2.1  in  the  CAP). 

Field  quality  assurance/quality  control  (QA/QC)  procedures  for  soil  gas  will  include 
collection  of  one  field  duplicate  for  every  10  samples  collected  (e.g.,  frequency  of  10 
percent),  use  of  analyte-appropriate  containers,  and  chain-of-custody  procedures  for 
sample  handling  and  tracking.  All  samples  to  be  transferred  to  the  analytical  laboratory 
for  analysis  will  be  clearly  labeled  to  indicate  sample  number,  location,  matrix  (e.g., 
soil  gas),  and  analyses  requested.  Samples  will  be  preserved  in  accordance  with  the 
analytical  method  to  be  used. 

All  field  sampling  activities  will  be  recorded  in  a  bound,  sequentially  paginated  field 
notebook  in  permanent  ink.  All  sample  collection  entries  will  include  the  date,  time, 
sample  locations  and  numbers,  notations  of  field  observations,  and  the  sampler's  name 
and  signature. 
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The  analytical  laboratory  will  conduct  one  matrix  spike  analysis,  one  laboratory 
control  sample,  and  one  laboratory  blank  test  for  each  specific  analysis  requested  for 
soil  gas  (i.e.,  required  only  once  for  soil  gas  since  only  one  analytical  method  will  be 

used). 
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SECTION  3 

COMPLIANCE  SOIL  SAMPLING 


3.1  INTRODUCTION 

Compliance  soil  sampling  will  be  performed  as  part  of  the  LTMP  to  ensure  that 
bioventing/  biosparging  has  reduced  soil  contaminant  mass  and  maintained 
concentrations  below  soil  SSTLs  protective  of  the  underlying  groundwater.  A  total  of 
nine  soil  samples  will  be  collected  at  the  MOGAS  site  as  part  of  the  compliance 
sampling  program.  Eight  samples  will  be  collected  from  four  boreholes  within  the 
bio  venting/  biosparging  treatment  area  and  one  QA/QC  sample  will  be  collected.  The 
following  sections  describe  the  soil  sampling  locations,  borehole  installation,  soil 
sampling,  procedures  for  equipment  decontamination,  and  datum  surveying  procedures 
to  be  used  as  part  of  the  soil  sampling  field  effort 

3.2  SAMPLING  LOCATIONS 

A  total  of  four  sampling  locations  will  be  used  during  the  compliance  sampling 
event  at  the  MOGAS  site.  One  borehole  will  be  placed  adjacent  to  each  of  the  existing 
vertical  vent  wells,  and  one  borehole  will  be  placed  approximately  50  feet 
downgradient  of  each  vent  well.  The  exact  locations  of  the  boreholes  will  be 
determined  in  the  field  based  on  the  location  of  underground  utilities  and  other 
potential  interferences.  Two  samples  will  be  collected  from  each  borehole,  one  above 
the  groundwater  level  and  one  below,  for  a  total  of  eight  samples.  One  QA/QC  field 
replicate  also  will  be  collected  from  one  of  the  boreholes. 

3.3  BOREHOLE  INSTALLATION  PROCEDURES 

Soil  sampling  in  unconsolidated  soils  will  be  accomplished  using  a  Geoprobe® 
hydraulic  sampling  rig.  The  Geoprobe®  will  be  used  to  advance  a  2-inch-diameter 
sampler  containing  a  butylene  liner  to  the  desired  sampling  depth.  Once  the  desired 
sampling  depth  is  attained,  the  end  point  of  the  sampler  will  be  removed  and  the 
sampler  will  be  filled  with  soil.  The  sampler  will  be  returned  to  the  surface,  the  liner 
removed,  and  its  ends  capped  with  Teflon®  squares  and  plastic  caps.  All  sampling 
equipment  will  be  decontaminated  prior  to  use  and  between  uses,  as  described  in 
Section  3.8.  If  subsurface  conditions  are  such  that  the  planned  installation  technique 
does  not  produce  acceptable  results  another  technique  deemed  more  appropriate  to  the 
type  of  soils  present  will  be  used.  Any  alternate  soil  sampling  procedure  used  must  be 
approved  by  the  Parsons  Engineering  Science,  Inc.  (Parsons  ES)  field  hydrogeologist 
and  will  be  appropriate  for  the  subsurface  lithologies  present  at  the  site. 
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The  Parsons  ES  field  hydrogeologist  will  be  responsible  for  observing  all  borehole 
installation  and  sampling  activities,  maintaining  a  detailed  log  of  the  target  sample 
interval,  photographing  representative  samples,  and  properly  labeling  and  storing 
samples.  An  example  of  the  proposed  geologic  boring  log  form  is  presented  in  Figure 
3.1.  The  descriptive  log  will  contain: 

•  Sample  interval  (top  and  bottom  depth); 

•  Sample  recovery; 

•  Presence  or  absence  of  contamination  (e.g.,  staining,  odor  or  elevated  headspace 
screening  readings); 

•  Soil  or  rock  description  of  the  target  sampling  interval,  including  relative  density, 
color,  major  textural  constituents,  minor  constituents,  porosity,  relative  moisture 
content,  plasticity  of  fines,  cohesiveness,  grain  size,  structure  or  stratification, 
relative  permeability,  and  any  other  significant  observations;  and 

•  The  depth  of  lithologic  contacts  and/or  significant  textural  changes,  measured  and 
recorded  to  the  nearest  0.1  foot  (1  inch)  if  present  within  the  target  interval. 

3.4  SAMPLE  HANDLING 

This  section  describes  the  handling  of  soil  samples  from  the  time  of  sampling  until 
the  samples  arrive  at  the  laboratory. 

3.4.1  Sample  Containers  and  Labels 

New,  factory  cleaned  butylene  sample  sleeves  and  end  caps  will  be  provided  by 
Parsons  ES  field  personnel.  The  sample  label  will  be  firmly  attached  to  the  sample 
sleeve  immediately  after  sample  collection,  and  the  following  information  will  be 
legibly  and  indelibly  written  on  the  label: 

•  Facility  name; 

•  Sample  identification; 

•  Sample  depth; 

•  Sampling  date; 

•  Sampling  time;  and 

•  Sample  collector's  initials. 

3.4.2  Sample  Preservation 

Samples  will  be  properly  prepared  for  transportation  to  the  laboratory  by  placing  the 
samples  in  an  adequately  padded  cooler  containing  ice  to  maintain  an  approximate 
shipping  temperature  of  4  degrees  centigrade  (°C). 
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Core  lost 


Water  level  drilled 


3.4.3  Sample  Shipment 

After  the  samples  are  sealed  and  labeled,  they  will  be  packaged  for  transport  to 
Evergreen  Analytical,  Inc.  of  Wheat  Ridge,  Colorado,  the  AFCEE-approved  laboratory 
for  this  demonstration.  Samples  will  be  shipped  priority  overnight  via  Federal 
Express®.  The  following  packaging  and  labeling  procedures  will  be  followed: 

•  Package  sample  so  that  it  will  not  leak,  spill,  or  vaporize  from  its  container; 

•  Label  shipping  container  with: 

Sample  collector's  name,  address,  and  telephone  number; 

Laboratory's  name,  address,  and  telephone  number; 

Description  of  sample; 

Quantity  of  sample;  and 

Date  of  shipment. 

The  packaged  samples  will  be  delivered  to  the  laboratory  as  soon  as  possible  after 
sample  acquisition,  and  in  accordance  with  analytical  method-specific  holding  times. 

3.4.4  Chain-of-Custody  Control 

After  the  samples  have  been  collected,  chain-of-custody  procedures  will  be  followed 
to  establish  a  written  record  of  sample  handling  and  movement  between  the  sampling 
site  and  the  laboratory.  Each  shipping  container  will  have  a  chain-of-custody  form 
completed  in  triplicate  by  the  sampling  personnel.  One  copy  of  this  form  will  be  kept 
by  the  sampling  team  and  the  other  two  copies  will  be  sent  to  the  laboratory.  One  of 
the  laboratory  copies  will  become  a  part  of  the  permanent  record  for  the  sample  and 
will  be  returned  with  the  sample  analytical  results.  The  chain-of-custody  will  contain 
the  following  information: 

•  Sample  identification  number; 

•  Sample  collector's  printed  name  and  signature; 

•  Date  and  time  of  collection; 

•  Place  and  address  of  collection; 

•  Sample  matrix; 

•  Analyses  requested; 

•  Signatures  of  individuals  involved  in  the  chain  of  possession;  and 

•  Inclusive  dates  of  possession. 
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The  chain-of-custody  documentation  will  be  placed  inside  the  shipping  container  so 
that  it  will  be  immediately  apparent  to  the  laboratory  personnel  receiving  the  container, 
but  will  not  be  damaged  or  lost  during  transport.  The  shipping  container  will  be  sealed 
so  that  it  will  be  obvious  if  the  seal  has  been  tampered  with  or  broken. 

3.4.5  Sampling  Records 

In  order  to  provide  complete  documentation  of  the  sampling  event,  detailed  records 
will  be  maintained  by  the  Parsons  ES  field  hydrogeologist.  At  a  minimum,  these 
records  will  include  the  following  information: 

•  Sample  location  (facility  name); 

•  Sample  identification; 

f  •  Sample  location  map  or  detailed  sketch; 

•  Date  and  time  of  sampling; 

•  Sampling  method; 

•  Field  observations  of 

Sample  appearance, 

Sample  odor; 

•  Weather  conditions; 

•  Sampler's  identification; 

•  Any  other  relevant  information. 

3.5  LABORATORY  ANALYSES 

Laboratory  analyses  will  be  performed  on  all  soil  samples  and  the  required  QA/QC 
samples  (see  Section  3.6  and  Section  5).  The  analytical  methods  and  detection  limit 
requirements  for  soil  compliance  samples  are  discussed  in  Section  10  of  the  CAP. 
Samples  will  by  analyzed  by  USEPA  analytical  method  8020  for  benzene,  toluene, 
ethylbenzene,  and  total  xylenes  (BTEX)  and  by  USEPA  analytical  method  8270  for 
naphthalene.  Evergreen  Analytical  Laboratories  of  Wheat  Ridge,  Colorado,  will  be 
performing  the  laboratory  analyses.  All  containers,  preservatives,  and  shipping 
requirements  will  be  consistent  with  laboratory  protocol.  Laboratory  personnel  will 
specify  any  additional  QC  samples  required.  Shipping  containers,  ice  chests  with 
adequate  padding,  and  cooling  media  will  be  sent  by  the  laboratory  to  the  site. 

3.6  QUALITY  ASSURANCE/QUALITY  CONTROL  SAMPLES 

As  a  check  on  the  quality  of  field  sampling  activities  (sampling,  containerization, 
shipment,  and  handling)  QA/QC  trip  blanks,  field  blanks,  equipment  rinseate  samples, 
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and  field  replicates  will  be  sent  to  the  laboratory.  QA/QC  sampling  will  include  one 
replicate  for  soil  samples  (i.e.,  frequency  of  10  percent),  one  rinseate  sample  (i.e., 
frequency  of  10  percent),  one  field  blank,  and  a  trip  blank  for  each  individual  shipping 
cooler  sent  to  the  analytical  laboratory  containing  samples  for  volatile  organic 
compound  (VOC)  analysis.  The  procedures  for  the  collection  of  field  QA/QC  samples 
are  discussed  in  Section  5  of  this  SAP.  Laboratory  QA/QC  procedures  will  include 
one  matrix  spike  analysis,  one  laboratory  control  sample,  and  one  laboratory  blank 
sample  test  for  each  specific  analysis  requested. 

3.7  MINIMIZATION  AND  MANAGEMENT  OF  SOIL  RESIDUALS 

Borehole  installation  and  soil  sampling  activities  using  the  Geoprobe®  will  generate 
no  soil  cuttings  that  will  require  proper  handling  and,  if  contaminated,  proper  disposal. 

3.8  EQUIPMENT  DECONTAMINATION  PROCEDURES 

Water  to  be  used  in  equipment  cleaning  will  be  obtained  from  one  of  the  Base's 
onsite  water  supplies.  Myrtle  Beach  AFB  personnel  will  assist  Parsons  ES  field 
personnel  in  locating  a  suitable  source.  Water  use  approval  will  be  verified  by 
contacting  the  appropriate  facility  personnel.  Only  potable  water  will  be  used  for 
decontamination.  A  decontamination  water  blank  will  be  collected  from  the  potable 
water  source.  The  procedures  for  the  collection  of  the  decontamination  water  blank  are 
described  in  Section  5.  The  Parsons  ES  field  hydrogeologist  will  make  the  final 
determination  as  to  the  suitability  of  site  water  for  these  activities. 

Prior  to  arriving  at  the  site,  and  between  each  borehole  installation,  the  Geoprobe® 
rods,  samplers,  tools  and  other  downhole  equipment  will  be  decontaminated  using  a 
hot-water  wash.  During  borehole  installation  operations,  the  rig,  samplers,  and  any 
other  downhole  equipment  will  be  decontaminated  at  a  temporary  decontamination  pad 
that  will  be  set  up  adjacent  to  each  borehole  location.  The  decontamination  fluids  will 
be  stored  in  55-gallon  Department  of  Transportation  (DOT)  approved  drums  for  proper 
treatment  and  disposal. 

All  sampling  tools  will  be  cleaned  with  a  clean  water/phosphate-free  detergent  mix, 
a  clean  water  rinse,  isopropyl  alcohol  rinse,  and  a  final  distilled  water  rinse.  Materials 
that  cannot  be  cleaned  to  the  satisfaction  of  the  Parsons  ES  field  hydrogeologist  will  not 
be  used.  All  decontamination  activities  will  be  conducted  in  a  manner  so  that  the 
excess  water  will  be  controlled  and  not  allowed  to  flow  into  any  open  borehole. 

Fuel,  lubricants,  and  other  similar  substances  will  be  handled  in  a  manner  consistent 
with  accepted  safety  procedures  and  standard  operating  practices.  The  Geoprobe®  rig 
will  not  be  allowed  onsite  unless  it  is  free  from  leaks  in  all  hydraulic  and  fuel  lines,  and 
is  free  of  any  exterior  oil  and  grease. 

Surface  runoff  such  as  miscellaneous  spills  and  leaks,  precipitation,  and  spilled 
decontamination  fluids  will  not  be  allowed  to  enter  any  boring.  Berms  around  the 
borehole  and  surficial  bentonite  packs,  as  appropriate,  will  be  used  to  prevent  cross¬ 
contamination. 
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3.9  SURVEY  OF  BOREHOLE  LOCATIONS 

The  horizontal  location  of  the  new  boreholes  will  be  located  by  Parsons  ES  field 
personnel  after  completion  of  sampling  procedures.  Horizontal  locations  will  be 
measured  relative  to  previously  installed  groundwater  wells  that  have  established 
coordinates  (i.e.,  previously  surveyed  by  a  register  surveyor).  Horizontal  distances 
will  be  recorded  to  the  nearest  0.1  foot  by  measuring  the  distance  from  each  borehole 
to  three  established  locations  (monitoring  wells  or  other  previously  surveyed  locations 
deemed  more  appropriate  by  field  personnel).  These  distances  will  be  used  to  locate 
each  borehole  on  any  additional  maps  generated  as  part  of  the  risk-based  investigation. 

3.10  BOREHOLE  ABANDONMENT 

Geoprobe®  sampling  operations  will  produce  boreholes  that  are  approximately  2.5 
inches  in  diameter.  These  holes  will  be  abandoned  by  filling  with  pelletized  bentonite. 
The  bentonite  will  be  hydrated  in  place  with  potable  water  at  2-foot  intervals  to  ensure 
proper  hydration  and  subsequent  sealing  of  the  borehole.  The  concrete  at  the  site  will 
be  patched  with  ready-mix  concrete  troweled  to  match  the  existing  grade. 
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SECTION  4 

GROUNDWATER  AND  SURFACE  WATER  SAMPLING 


4.1  INTRODUCTION 

This  section  describes  the  scope  of  work  required  for  collecting  groundwater  and 
surface  water  samples  from  the  10  monitoring  wells  in  the  long-term  monitoring  well 
network  and  four  permanent  surface  water  sampling  stations.  All  water  samples 
collected  from  groundwater  monitoring  wells  will  be  obtained  using  a  thoroughly 
decontaminated  peristaltic  pump  and  new  flexible  tubing.  Equipment  blanks  will  be 
collected  to  assure  that  all  equipment  is  properly  cleaned.  In  order  to  maintain  a  high 
degree  of  QC  during  this  sampling  event,  the  procedures  described  in  the  following 
sections  will  be  followed. 

Groundwater/  surface  water  sampling  will  be  conducted  by  qualified  Parsons  ES 
scientists  and  technicians  trained  in  the  conduct  of  well  sampling,  records 
documentation,  and  chain-of-custody  procedures.  In  addition,  sampling  personnel  will 
have  thoroughly  reviewed  the  work  plan  and  this  site-specific  sampling  and  analysis 
plan  prior  to  sample  acquisition  and  will  have  a  copy  of  both  available  onsite  for 
reference. 

Activities  that  will  occur  during  groundwater/  surface  water  sampling  are 
summarized  below: 

•  Assembly  and  preparation  of  equipment  and  supplies; 

•  Inspection  of  the  well  integrity,  including: 

Protective  cover,  cap  and  lock, 

External  surface  seal  and  pad. 

Well  stick-up,  cap,  and  datum  reference, 

Internal  surface  seal, 

Condition  of  any  dedicated  equipment,  if  present; 

•  Groundwater  sampling,  including: 

Water  level  measurements, 


4-1 


K:\MYRTLE\TEXT\SQAP.WW6 


Visual  inspection  of  borehole  water, 

Well  purging, 

Sampling; 

•  Surface  water  sampling,  including: 

Inspection  of  permanent  location  marker  (i.e.,  visibility,  integrity), 

Visual  inspection  of  surface  water. 

Sampling; 

•  Sample  preservation  and  shipment,  including: 

Sample  preparation  and  preservation,  as  appropriate, 

Onsite  measurement  of  physical  parameters, 

Sample  labeling, 

Sample  packaging  in  appropriate  shipping  containers; 

•  Completion  of  sampling  records; 

•  Completion  of  chain-of-custody  records;  and 

•  Sample  shipment  via  overnight  courier. 

Detailed  groundwater/  surface  water  sampling  and  sample  handling  procedures  are 
presented  in  following  sections. 

4.2  GROUNDWATER/  SURFACE  WATER  SAMPLING  LOCATIONS 

Groundwater  samples  will  be  collected  from  the  10  wells  shown  in  Figure  10.1  of 
the  CAP,  using  a  thoroughly  decontaminated  peristaltic  pump  with  new,  dedicated 
flexible  tubing.  The  four  surface  water  sampling  stations  in  the  ditch  south  of  the 
MOGAS  site  also  are  shown  in  Figure  10.1  of  the  CAP. 

4.3  PREPARATION  FOR  SAMPLING 

All  equipment  to  be  used  for  sampling  will  be  assembled  and  properly  cleaned  and 
calibrated  (if  required)  prior  to  the  beginning  of  the  sampling  event.  In  addition,  all 
record  keeping  materials  will  be  gathered  prior  to  leaving  the  office.  A  brief 
organizational  meeting  will  be  held  to  ensure  proper  communication  between  project 
management  staff  and  field  personnel. 
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4.4  EQUIPMENT  DECONTAMINATION 

All  portions  of  sampling  and  test  equipment  that  will  contact  the  sample  will  be 
thoroughly  cleaned  before  each  use.  This  equipment  may  include  water-level  probe 
and  cable,  oil/water  interface  probe  and  cable,  test  equipment  for  onsite  use,  and  other 
equipment  or  portions  thereof  that  will  contact  the  samples.  Based  on  the  chemical 
constituents  present  at  the  MOGAS  site,  the  following  decontamination  protocol  will  be 
used: 


•  Clean  with  potable  water  and  phosphate-free  laboratory  detergent  (Liquinox®  or 
equivalent); 

•  Rinse  with  potable  water; 

.  * 

.  Rinse  with  distilled  or  deionized  water; 

•  Rinse  with  reagent-grade  isopropanol; 

.  Rinse  with  distilled  or  deionized  water;  and 

•  Air  dry  the  equipment  prior  to  use. 

All  decontamination  fluids  will  be  temporarily  placed  in  55-gallon  DOT  approved 
containers  for  proper  disposal. 

Any  deviations  from  these  procedures  will  be  documented  in  the  field  scientist's 
field  notebook  and  on  the  groundwater  sampling  form.  If  pre-cleaned  dedicated 
sampling  equipment  is  used,  the  decontamination  protocol  specified  above  will  not  be 
required.  Laboratory-supplied  sample  containers  will  be  cleaned  and  sealed  by  the 
laboratory  and  therefore  will  not  need  to  be  cleaned  in  the  field.  Equipment  field 
blanks  and  equipment  rinseate  samples  will  be  collected  to  assure  that  all  containers  and 
field  equipment  are  free  of  contamination. 

4.5  EQUIPMENT  CALIBRATION 

As  required,  field  analytical  equipment  will  be  calibrated  according  to  the 
manufacturer's  specifications  prior  to  field  use.  This  applies  to  equipment  used  for 
onsite  chemical  measurements  such  as  pH,  electrical  conductivity,  and  temperature. 
Additional  details  on  the  calibration  of  field  equipment  are  presented  in  Section  6  of 
this  SAP. 

4.6  SAMPLING  PROCEDURES 

Special  care  will  be  taken  to  prevent  contamination  of  the  groundwater/  surface 
water  and  extracted  samples.  The  two  primary  ways  in  which  sample  contamination 
can  occur  are  through  contact  with  improperly  cleaned  equipment  and  by  cross¬ 
contamination  through  insufficient  decontamination  of  equipment  between  wells.  To 
prevent  such  contamination,  the  peristaltic  pump  and  water  level  probe  and  cable  used 
to  determine  static  water  levels  and  total  well  depth  will  be  thoroughly  cleaned  before 
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and  after  field  use  and  between  uses  at  different  sampling  locations  according  to  the 
procedures  presented  in  Section  4.4.  In  addition  to  the  use  of  properly  cleaned 
equipment,  a  clean  pair  of  new,  disposable  nitrile  gloves  will  be  worn  each  time  a 
different  well  or  station  is  sampled.  New,  clean  tubing  will  be  used  for  the  peristaltic 
pump  for  each  well  sampled.  Wells  will  be  sampled  sequentially  from  areas  suspected 
to  be  least  contaminated  to  areas  suspected  to  be  more  contaminated.  Plastic  will  be 
placed  around  each  of  the  wells  to  be  sampled  and  sampling  equipment  will  not  be 
allowed  to  come  in  contact  with  the  ground  surface  at  any  time  during  the  sampling 
event. 

The  following  paragraphs  present  the  procedures  that  comprise  groundwater/  surface 
water  sample  acquisition  from  all  groundwater/  surface  water  sampling  locations. 
These  activities  will  be  performed  in  the  same  order  as  presented  below.  Exceptions  to 
this  procedure  will  be  noted  in  the  Parsons  ES  field  scientist’s  field  notebook. 

4.6.1  Preparation  of  Location 

Prior  to  starting  the  sampling  procedure,  the  area  around  the  well  or  sampling 
location  will  be  cleared  of  foreign  materials,  such  as  brush,  rocks,  and  debris.  These 
procedures  will  prevent  sampling  equipment  from  inadvertently  contacting  debris 
around  the  monitoring  well.  New,  clean  plastic  (4  to  6  mil)  we  be  placed  around  the 
well  to  prevent  the  contamination  of  both  the  ground  surface  and  any  equipment  that 
may  come  into  contact  with  the  ground  surface. 

4.6.2  Water  Level  and  Total  Depth  Measurements 

Prior  to  removing  any  water  from  the  well,  the  static  water  level  will  be  measured. 
An  electrical  water  level  probe  will  be  used  to  measure  the  depth  to  groundwater  below 
the  datum  to  the  nearest  0.01  foot.  If  the  total  depth  of  the  well  is  not  known  or  is 
suspected  to  be  inaccurate,  total  well  depth  will  be  measured  by  slowly  lowering  the 
water  level  probe  to  the  bottom  of  the  well.  Total  well  depth  will  be  measured  to  the 
nearest  0.01  foot.  Total  depth  will  only  be  measured  when  absolutely  necessary  to 
minimize  the  amount  of  sediment  disturbance  in  the  well.  Based  on  water  level  and 
total  depth  information,  the  volume  of  water  to  be  purged  from  the  well  can  be 
calculated. 

4.6.3  Well  Purging 

The  static  groundwater  inside  each  well  will  be  purged  using  a  peristaltic  pump.  The 
well  will  be  purged  at  a  very  low  flow  rate  [10  milliliters  per  minute  (ml/min)  to  1,000 
ml/min].  The  objective  of  micropurging  is  to  remove  a  small  volume  of  water  at  a  low 
flow  rate  from  a  discrete  portion  of  the  screened  interval  of  the  well  without  disturbing 
stagnant  water  within  the  casing.  Therefore,  the  well  purge  rate  must  never  be  greater 
than  the  recharge  rate  of  the  well.  During  purging,  the  water  level  in  the  well  will  be 
monitored  to  ensure  that  no  drawdown  in  the  well  occurs.  The  water  level  monitoring 
will  allow  the  sampling  technician  to  control  pumping  rates  to  minimize  drawdown. 
As  long  as  no  drawdown  is  observed  during  pumping,  it  may  be  assumed  that  the  low 
pumping  rate  within  the  discrete,  screened  portion  of  the  well  has  not  pulled  stagnant 
casing  water  into  the  sample. 
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The  pH,  temperature,  dissolved  oxygen,  and  specific  conductivity  will  be 
continuously  monitored  during  well  purging  using  a  flow-through  cell.  The  flow¬ 
through  cell  will  be  attached  directly  to  the  discharge  tubing  of  the  peristaltic  pump 
using  Teflon®-lined  polyethylene  tubing.  New  tubing  will  be  used  at  each  well. 
Purging  will  continue  until  the  parameters  have  stabilized  (less  than  0.2  standard  pH 
units  or  a  10-percent  change  for  the  other  parameters  over  a  5-minute  period)  and  the 
water  is  clear  and  free  of  fines.  Research  conducted  on  low-flow  micropurging  has 
found  that  dissolved  oxygen  and  specific  conductance  readings  are  the  most  useful  field 
indicator  parameters  for  stabilization  of  background  water  chemistry  during  purging 
(Barcelona,  et.  al.,  1994).  The  research  also  concluded  that  stabilization  of  dissolved 
oxygen  and  specific  conductance  shows  some  correlation  to  stabilization  of  VOC 
concentrations  in  "formation"  waters. 

All  purge  water  will  be  placed  in  DOT  approved  55-gallon  containers  and  disposed 
of  properly.  Parsons  ES  will  be  responsible  for  sampling,  laboratory  analysis,  and 
arranging  for  the  disposal  of  any  contaminated  or  potentially  contaminated  purge  and 
development  water.  Myrtle  Beach  AFB  personnel,  however,  will  be  required  to  sign 
any  hazardous  materials  manifests  that  may  be  created  as  part  of  the  disposal  process. 
Drums  will  be  staged  and  temporarily  stored  onsite  as  directed  by  Myrtle  Beach 
personnel. 

4.6.4  Sample  Extraction 

A  peristaltic  pump  with  new  tubing  for  each  well  will  be  used  to  extract 
groundwater  samples  from  the  wells  at  the  MOGAS  site.  Bailers  will  be  used  only  for 
those  wells  with  known  or  suspected  free  product  to  minimize  the  potential  for 
sampling  equipment  contamination.  If  depth  to  groundwater  exceeds  approximately  21 
feet  it  will  also  be  necessary  to  extract  a  sample  using  a  bailer  because  of  the  vacuum 
lift  limitations  of  a  peristaltic  pump.  Both  types  of  extraction  equipment  will  be 
lowered  into  the  water  gently  to  prevent  splashing  and  extracted  gently  to.  prevent 
creation  of  an  excessive  vacuum  in  the  well.  The  sample  will  be  transferred  directly  to 
the  appropriate  sample  container.  The  water  sample  will  be  transferred  from  the 
bottom  of  the  bailer  using  a  bottom  emptying  device  to  allow  a  controlled  flow  into  the 
sample  container.  Water  from  the  peristaltic  pump  can  be  directly  discharged  into  the 
sample  container.  The  water  should  be  carefully  poured  down  the  inner  walls  of  the 
sample  bottle  to  minimize  aeration  of  the  sample.  Sample  containers  for  VOC  analysis 
will  be  filled  at  approximately  200  ml/min  and  all  other  sample  collection  rates  will  not 
exceed  400  ml/min.  Volatile  samples  will  be  collected  first,  followed  by  any  other 
analytical  samples.  Samples  for  field  parameter  analysis  will  be  collected  last. 

Four  surface  water  samples  (SW-01  through  SW-04)  will  be  collected  at  the 
permanent  surface  water  monitoring  stations  established  along  the  drainage  ditch  that 
parallels  Phyliss  Drive  on  the  south  side  of  the  MOGAS  site  (Figure  10.1).  The 
samples  will  be  collected  along  the  approximate  centerline  of  the  drainage  ditch  to 
assess  the  impact  of  groundwater  seeps  on  the  surface  water  quality.  Surface  water 
samples  will  be  collected  directly  into  the  sample  bottle  by  submerging  the  sample 
bottle  beneath  the  surface  of  the  water  in  the  ditch  and  allowing  the  water  to  slowly  fill 
the  bottle  without  exposure  to  the  atmosphere.  The  sample  bottle  will  be  capped  while 
submerged  to  prevent  capture  of  air  bubbles  in  the  sample  vial. 
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Unless  other  instructions  are  given  by  the  analytical  laboratory,  sample  containers 
will  be  completely  filled  so  that  no  air  space  remains  in  the  container.  Excess  water 
collected  during  sampling  will  be  placed  into  the  55-gallon  containers  used  for  well 
purge  waters  and  disposed  of  as  directed  by  Myrtle  Beach  AFB  personnel. 

4.7  ONSITE  CHEMICAL  PARAMETER  MEASUREMENT 

Because  many  chemical  parameters  of  a  groundwater  sample  can  change 
significantly  within  a  short  time  following  sample  acquisition,  these  parameters  will  be 
measured  in  the  field  using  Hach®  or  CHEMetrics®  test  kits.  Table  10.1  in  the  body  of 
the  CAP  list  the  chemical  analytical  protocol  for  groundwater  samples.  The  following 
discussion  describes  the  field  procedures  for  obtaining  the  onsite  chemical  parameter 
measurements.  For  information  on  individual  instrument  calibration  procedures,  please 
refer  to  the  manufacture  calibration  procedure  for  the  instrument. 

Groundwater  quality  measurements  such  as  temperature,  pH,  specific  conductivity, 
dissolved  oxygen,  and  reduction/oxidation  (redox)  potential  will  be  continuously 
monitored  during  well  purging  using  a  flow-through  cell.  The  flow-through  cell  will 
be  attached  directly  to  the  discharge  tubing  of  the  peristaltic  pump  using  Teflon®-lined 
polyethylene  tubing.  A  new  piece  of  tubing  will  be  used  for  each  well.  All 
groundwater  quality  measuring  equipment  will  be  decontaminated  following  the 
procedures  described  in  Section  4.4.  The  groundwater  quality  measuring  equipment 
will  be  calibrated  between  each  well  following  the  manufacturer's  recommended 
calibration  procedures.  The  measurements  observed  immediately  before  groundwater 
sampling  begins  will  be  considered  the  final  measurements  for  the  sample,  and  will  be 
recorded  in  the  field  notebook  and  on  the  point-specific  sampling  form. 

Groundwater  quality  measurements  such  as  nitrate,  nitrite,  manganese,  ferrous  iron, 
sulfate,  sulfide,  and  alkalinity  will  be  measured  in  the  field  using  HACH®  or 
CHEMetrics®  field  analysis  methods.  All  appropriate  equipment  and  glassware 
associated  with  the  field  analysis  of  groundwater  samples  will  be  decontaminated 
following  the  procedures  described  in  Section  4.4.  Groundwater  samples  for  these 
measurements  will  be  collected  after  all  sample  containers  for  laboratory  analyses  have 
been  collected.  Two  250-ml  bottles  of  groundwater  will  be  collected  and  capped  for 
field  analysis.  The  field  analysis  of  groundwater  samples  should  begin  immediately 
after  collection.  Direct  sunlight,  contact  with  air,  and  high  temperatures  may  greatly 
affect  the  concentrations  of  the  analytes  in  question.  If  possible,  analyses  will  be  run 
indoors,  and  groundwater  samples  will  be  capped  and  stored  in  a  cooler  with  a 
temperature  maintained  at  4°C  when  not  in  use.  Duplicate  analyses  will  be  run  at  a 
frequency  of  25  percent,  or  one  duplicate  sample  for  every  four  field  analyses.  One 
blank  (distilled  water)  analysis  will  be  performed  for  each  sampling  round. 

4.8  LABORATORY  SAMPLE  HANDLING 

This  section  describes  the  handling  of  samples  to  be  analyzed  by  the  fixed-based 
laboratory  from  the  time  of  sampling  until  the  samples  arrive  at  the  laboratory. 
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4.8.1  Sample  Container  and  Labels 

Sample  containers  and  appropriate  container  lids  will  be  provided  by  the  laboratory. 
The  sample  containers  will  be  filled  as  described  in  Section  4.6.4,  and  die  container 
lids  will  be  tightly  closed.  Container  lids  will  not  be  removed  at  any  time  prior  to 
sample  collection.  The  sample  label  will  be  firmly  attached  to  the  container  side,  and 
the  following  information  will  be  legibly  and  indelibly  written  on  the  label: 

•  Facility  name; 

•  Sample  identification; 

•  Sample  type  (groundwater,  surface  water,  etc.); 

•  Sampling  date; 

•  Sampling  time; 

•  Preservatives  added;  and 

•  Sample  collector's  initials. 

4.8.2  Sample  Preservation 

The  laboratory  will  add  any  necessary  chemical  preservatives  prior  to  shipping  the 
containers  to  the  site.  Samples  will  be  properly  prepared  for  transportation  to  the 
laboratory  by  placing  the  samples  in  a  cooler  containing  ice  to  maintain  a  shipping 
temperature  of  4°C. 

4.8.3  Sample  Shipment 

After  the  samples  are  sealed  and  labeled,  they  will  be  packaged  for  transport  to 
Evergreen  Analytical,  Inc.  of  Wheat  Ridge,  Colorado,  the  AFCEE-approved  laboratory 
for  this  demonstration.  Samples  will  be  shipped  priority  overnight  via  Federal 
Express®.  The  following  packaging  and  labeling  procedures  will  be  followed: 

•  Package  sample  so  that  it  will  not  leak,  spill,  or  vaporize  from  its  container; 

•  Label  shipping  container  with: 

Sample  collector's  name,  address,  and  telephone  number; 

Laboratory's  name,  address,  and  telephone  number; 

Description  of  sample; 

Quantity  of  sample;  and 
Date  of  shipment. 
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The  packaged  samples  will  be  delivered  to  the  laboratory  as  soon  as  possible  after 
sample  acquisition,  and  within  method-specific  holding  times. 

4.8.4  Chain-of-Custody  Control 

After  the  samples  have  been  collected,  chain-of-custody  procedures  will  be  followed 
as  described  in  Section  3.4.4. 

4.8.5  Sampling  Records 

In  order  to  provide  complete  documentation  of  the  sampling  event,  detailed  records 
will  be  maintained  by  the  Parsons  ES  field  hydrogeologist.  At  a  minimum,  these 
records  will  include  the  following  information: 

•  Sample  location  (facility  name); 

.  » 

•  Sample  identification; 

•  Sample  location  map  or  detailed  sketch; 

•  Date  and  time  of  sampling; 

•  Sampling  method; 

•  Field  observations  of 

Sample  appearance, 

Sample  odor; 

•  Weather  conditions; 

•  Water  level  prior  to  purging; 

•  Total  well  depth; 

•  Purge  volume; 

•  Water  level  after  purging; 

•  Well  condition; 

•  Sampler's  identification; 

•  Field  measurements  of  pH,  temperature,  and  specific  conductivity;  and 

•  Any  other  relevant  information. 
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GROUND 


Ground  Water  Sampling  Record 

SAMPLING  LOCATION 
SAMPLING  DATE (S) — 

WATER  SAMPLING  RECORD  -  MONITORING  WELL - 


(number) 


REASON  FOR  SAMPLING:  [  ]  Regular  Sampling;  [1  Special  Sampling 

DATE  AND  TIME  OF  SAMPLING: - - - >  iy_ - - - 

SAMPLE  COLLECTED  BY: - -  - 

DEPTH  MEASUREMENT  (Describe): - 1 - T 

MONrroRLNG^cSSHS:  _ 

WELL  NUMBER  (IS  -  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS: - - 

r  ]  DEHCEENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
I  \  MONITORING  WELL  REQUIRED  REPAIR  (describe).. - 


Check-off 

IN 


EQUIPMENT  CLEANED  BEFORE  USE  WITH_ 
Items  Cleaned  (List):. - - - - — 


FT.  BELOW  DATUM 


— TT TV  ,-r-  r  i .  tt  . 

WATER  DEPTH - - - - - " 

Measured  with: - . - - - - - 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:___ - - - - - - 

Odon__ - - - - - 

Other  Comments:  - - - - - - 

WELL  EVACUATION: 

Method:. - - - - - - - - 

Volume  Removed: - . — . - - - - -  ” 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors: _ 

Other  comments: - - - - - 


Figure  4.1 
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Ground  Water  Sampling  Record  -  Monitoring  Well  No. 


(Coat’d)  Ground  Water  Sampling  Record 


5  [  ]  SAMPLE  EXTRACTION  METHOD: 

[  ]  Bailer  made  of: _ 

(  ]  Pump,  type: _ _ _ 

[  ]  Other,  describe: _ 

Sample  obtained  is  [  ]  GRAB;  [  ]  COMPOSITE  SAMPLE 

6  [  ]  ON-SITE  MEASUREMENTS: 

Temp:  _ _ _*  _  Measured  with: _ 

pH: _  Measured  with:_; _ 

Conductivity: _  Measured  with: _ 

Other: _ 


7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size): 


8  [  ]  ON-SITE  SAMPLE  TREATMENT: 

[  ]  Filtration:  Method _  Containers: 

Method _  Containers:. 

Method _  Containers: 

[  ]  Preservatives  added: 

Method 
Method 
Method 
Method 

9  [  ]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  ]  Containers  Placed  in  Ice  Chest 

10  [  ]  OTHER  COMMENTS: _ 


Containers: 

Containers: 

Containers:. 

Containers:. 


Figure  4.1  (Continued) 
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Groundwater/  surface  water  sampling  activities  will  be  recorded  on  a  groundwater 
sampling  form  or  in  the  field  scientist’s  field  notebook.  Figure  4.1  shows  an  example 
of  the  groundwater  sampling  record. 

4.9  LABORATORY  ANALYSES 

Laboratory  analyses  will  be  performed  on  all  groundwater/  surface  water  samples 
and  the  required  QA/QC  samples  (see  Section  4.10).  The  analytical  methods  and 
detection  limit  requirements  for  this  sampling  event  are  listed  in  Table  10.1  in  the  body 
of  the  CAP.  Evergreen  Analytical  Laboratories  of  Wheat  Ridge,  CO,  will  be  perform 
the  laboratory  analytical  analyses. 

Prior  to  sampling,  arrangements  will  be  made  with  the  laboratory  to  provide  a 
sufficient  number  of  appropriate  sample  containers  for  the  samples  to  be  collected.  All 
containers,  preservatives,  and  shipping  requirements  will  be  consistent  with  laboratory 

protocol. 

Laboratory  personnel  will  specify  any  additional  QC  samples  and  prepare  bottles  for 
all  samples.  For  samples  requiring  chemical  preservation,  preservatives  will  be  added 
to  containers  by  the  laboratory  prior  to  shipping.  Shipping  containers  with  adequate 
padding  and  cooling  media  will  be  sent  by  the  laboratory  to  the  site.  Sampling 
personnel  will  fill  the  sample  containers  and  return  the  samples  to  the  laboratory. 

4.10  QUALITY  ASSURANCE/QUALITY  CONTROL  PROCEDURES  AND 
SAMPLING 

Field  QA/QC  samples  for  groundwater/  surface  water  sampling  will  include 
collection  of  field  duplicates;  equipment  rinseate  samples,  and  field,  and  trip  blanks; 
decontamination  of  the  water  level  probe;  use  of  analyte-appropriate  containers;  and 
chain-of-custody  procedures  for  sample  handling  and  tracking.  All  samples  to  be 
transferred  to  the  analytical  laboratory  for  analysis  will  be  clearly  labeled  to  indicate 
sample  number,  location,  matrix  (e.g.,  groundwater/  surface  water),  and  analyses 
requested.  Samples  will  be  preserved  in  accordance  with  the  analytical  methods  to  be 
used,  and  water  sample  containers  will  be  packaged  in  coolers  with  ice  to  maintain  an 
approximate  temperature  of  4°C. 

All  field  sampling  activities  will  be  recorded  in  a  bound,  sequentially  paginated  field 
notebook  in  permanent  ink.  All  sample  collection  entries  will  include  the  date,  time, 
sample  locations  and  numbers,  notations  of  field  observations,  and  the  sampler  s  name 
and  signature. 

Groundwater/  surface  water  QA/QC  sampling  frequency  will  be  10  percent  or  one 
sample  for  every  ten  wells/locations  sampled.  In  the  event  that  less  than  ten  wells  will 
be  sampled  in  an  event,  a  minimum  of  one  sample  will  be  collected.  This  ten  percent 
frequency  also  applies  to  equipment  rinseate  samples  and  field  duplicates.  Une 
decontamination  water  sample  and  one  field  blank  will  be  collected  per  sampling  event. 
One  trip  blank  will  be  sent  with  each  sample  shipment.  The  procedures  for  the 
collection  of  field  QA/QC  samples  are  described  in  Section  5.  The  laboratory  should 
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plan  to  conduct  one  matrix  spike  analysis,  one  laboratory  control  sample,  and  one 
laboratory  blank  test  for  each  specific  analysis  requested. 
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SECTION  5 


FIELD  QUALITY  ASSURANCE/QUALITY  CONTROL  SAMPLES 


As  a  check  on  field  sampling,  QA/QC  samples  will  be  collected  during  each 
sampling  event.  Definitions  for  field  QA/QC  samples  are  presented  below. 

5.1  FIELD  DUPLICATES 

A  field  duplicate  is  defined  as  two  or  more  samples  collected  independently  at  the 
same  sampling  location  during  a  single  act  of  sampling.  Soil  samples  are  divided  into 
two  equal  parts  (replicates)  for  analysis.  Field  duplicates  will  be  indistinguishable  from 
other  samples  by  the  laboratory.  Each  of  the  field  duplicates  will  be  uniquely  identified 
with  a  coded  identifier,  which  will  be  in  the  same  format  as  other  sample  identifiers. 
Duplicate  sample  results  are  used  to  assess  the  precision  of  the  sample  collection 
process.  During  the  collection  of  VOC  samples,  compositing  should  not  be  performed 
due  to  the  potential  for  target  compound  loss.  Ten  percent  of  all  field  samples  will  be 
field  duplicates. 

5.2  TRIP  BLANKS 

The  trip  blank  is  used  to  indicate  potential  contamination  by  VOCs  during  sample 
shipping  and  handling.  A  trip  blank  consists  of  analyte-free  laboratory  reagent  water  in 
a  40-milliliter  (ml)  glass  vial  sealed  with  a  Teflon®  septum.  The  blank  accompanies  the 
empty  sample  bottles  to  the  field  and  is  placed  in  each  cooler  containing  water  or  soil 
matrix  VOC  samples  returning  to  the  laboratory  for  analysis.  The  trip  blank  is  not 
opened  until  analysis  in  the  laboratory  with  the  corresponding  site  samples. 

5.3  EQUIPMENT  RINSE  ATE  BLANKS 

Equipment  rinseate  blanks  consist  of  reagent  grade  water  poured  into  or  pumped 
through  the  sampling  device  following  decontamination.  The  rinseate  is  transferred  to 
an  appropriate  sample  bottle  for  the  analysis  and  transported  to  the  laboratory.  The 
equipment  rinseate  samples  are  analyzed  for  the  same  laboratory  parameters  as  the  site 
samples.  Equipment  blanks  are  used  to  measure  to  contamination  introduced  to  a 
sample  set  from  improperly  decontaminated  sampling  equipment. 

5.4  DECONTAMINATION  WATER  BLANK 

A  decontamination  water  blank  is  designed  to  check  the  purity  of  potable  water  used 
for  equipment  decontamination  during  the  field  operation.  One  decontamination  water 
blank  will  be  collected  for  each  water  source  used  during  the  field  work. 
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Decontamination  water  blanks  are  collected  by  filling  the  appropriate  sample  container 
directly  from  the  potable  water  source.  Decontamination  water  blanks  are  labeled, 
preserved,  handled,  and  shipped  in  the  same  manner  as  an  environmental  water  sample. 
The  blank  will  be  analyzed  for  the  same  analytes  and  parameters  as  the  environmental 
samples. 

5.5  FIELD  BLANKS 

A  field  blank  is  designed  to  assess  the  effects  of  ambient  field  conditions  on  sample 
results.  A  field  blank  will  consist  of  a  sample  of  reagent  grade  water  poured  into  a 
laboratory-supplied  sample  container  while  sampling  activities  are  underway.  The  field 
blank  will  be  analyzed  for  the  same  analytes  and  parameters  as  the  environmental 
samples. 
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SECTION  6 

FIELD  DATA  REDUCTION,  VALIDATION,  AND  REPORTING 


The  following  sections  describe  field  analytical  instrumentation  calibration,  and  field 
data  reporting,  validation,  reduction,  and  review. 

6.1  CALIBRATION  PROCEDURES  AND  FREQUENCY  FOR  FIELD  TEST 
EQUIPMENT 

Instruments  and  equipment  used  to  gather,  generate,  or  measure  environmental  data 
in  the  field  will  be  calibrated  with  sufficient  frequency  and  in  such  a  manner  that 
accuracy  and  reproducibility  of  results  are  consistent  with  the  manufacturer’s 
specifications.  Field  instruments  may  include  a  pH  meter,  digital  thermometer, 
02/C02  meter,  TVH  meter,  specific  conductivity  meter,  dissolved  oxygen  meter, 
oxidation  reduction  potential  meter,  and  Hach®  spectrophotometer.  A  summary  of 
calibration  frequency  and  acceptance  criteria  is  presented  in  Table  6.1. 

6.2  FIELD  DATA  REDUCTION 

During  processing  of  field  data,  validation  checks  will  be  performed  by  individuals 
designated  by  the  project  manager.  The  purpose  of  these  checks  is  to  identify  outliers, 
that  is  data  which  do  not  conform  within  two  standard  deviations  to  the  pattern 
established  by  other  observations.  The  Students  "t"  test  will  be  used  to  identify  outliers 
when  the  total  number  of  samples  is  less  than  31,  and  the  normal  distribution  will  be 
used  to  identify  others  when  the  total  number  of  samples  is  greater  than  31.  Although 
outliers  may  be  the  result  of  transcription  errors  or  instrument  breakdowns,  they  may 
also  be  manifestations  of  a  greater  degree  of  spatial  or  temporal  variability  than 
expected.  Therefore,  after  an  outlier  has  been  identified,  a  decision  must  be  made 
concerning  its  further  use.  Obvious  mistakes  in  data  will  be  corrected  when  possible, 
and  the  corrected  values  will  be  inserted.  If  the  correct  value  cannot  be  obtained,  the 
datum  may  be  excluded.  An  attempt  will  be  made  to  explain  die  existence  of  the 
outlier.  If  no  plausible  explanation  can  be  found  for  the  outlier,  it  may  be  excluded, 
and  a  note  to  that  effect  will  be  included  in  the  report.  Also,  an  attempt  will  be  made 
to  determine  the  effect  of  the  outlier  both  when  included  in  and  when  excluded  from 
the  data  set,  and  the  results  will  be  discussed  in  the  report.  In  addition,  the  data  will  be 
compared  against  those  obtained  in  previous  investigations  (where  available)  and 
against  applicable  standards  and  guidelines. 

6.3  REVIEW  OF  FIELD  RECORDS 

All  field  records  are  evaluated  for  the  following: 
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FIELD  SCREENING  METHODS  ANALYTICAL  PROTOCOL 

SUMMARY  OF  QC  a/  PROCEDURES 
SITE  SAMPLING  AND  ANALYSIS  PLAN 
RISK-BASED  APPROACH  TO  REMEDIATION 


TABLE  6.1  (Continued) 

FIELD  SCREENING  METHODS  ANALYTICAL  PROTOCOL 
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TABLE  6.1  (Continued) 

FIELD  SCREENING  METHODS  ANALYTICAL  PROTOCOL 


TABLE  6.1  (Continued) 

FIELD  SCREENING  METHODS  ANALYTICAL  PROTOCOL 
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Completeness  of  field  records.  The  check  of  field  record  completeness  will  ensure 
that  all  requirements  for  field  activities  have  been  fulfilled,  complete  records  exist  for 
each  field  activity,  and  that  the  procedures  specified  in  the  SAP  (or  approved  as  field 
change  requests)  were  implemented.  Field  documentation  will  ensure  sample  integrity 
and  provide  sufficient  technical  information  to  recreate  each  field  event.  The  results  of 
the  completeness  check  will  be  documented,  and  environmental  data  affected  by 
incomplete  records  will  be  identified  in  the  technical  report. 

Identification  of  valid  samples.  The  identification  of  valid  samples  involves 
interpretation  and  evaluation  of  the  field  records  to  detect  problems  affecting  the 
representativeness  of  environmental  samples.  For  example,  field  records  can  indicate 
whether  a  well  is  properly  constructed  or  if  unanticipated  environmental  conditions 
were  encountered  during  construction.  The  lithologic  and  geophysical  logs  may  be 
consulted  to  determine  if  a  well  is  screened  only  in  the  water-bearing  zone  of  concern. 
Records  also  should  note  sample  properties  such  as  .  clarity,  color,  odor,  etc. 
Photographs  may  show  the  presence  or  absence  of  obvious  sources  of  potential 
contamination,  such  as  operating  combustion  engines  near  a  well  during  sampling. 
Judgments  of  sample  validity  will  be  documented  in  the  technical  report,  and 
environmental  data  associated  with  poor  or  incorrect  field  work  will  be  identified. 

Correlation  of  data.  The  results  of  field  tests  obtained  from  similar  areas  will  be 
correlated.  For  example,  soil  gas  readings  and  VOC  analysis  results  may  be 
correlated.  The  findings  of  these  correlations  will  be  documented,  and  the  significance 
of  anomalous  data  will  be  discussed  in  the  technical  report. 

Identification  of  anomalous  field  test  data.  Anomalous  field  data  will  be 
identified  and  explained  to  the  extent  possible.  For  example,  a  water  temperature  for 
one  well  that  is  significantly  higher  than  any  other  well  temperature  in  the  same  aquifer 
will  be  explained  in  the  technical  report. 

Accuracy  and  precision  of  field  data  and  measurements.  The  assessment  of  the 
quality  of  field  measurements  will  be  based  on  instrument  calibration  records  and  a 
review  of  any  field  corrective  actions.  The  accuracy  and  precision  of  field 
measurements  will  be  discussed. 

Field  record  review  is  an  ongoing  process.  Field  team  leaders  will  be  responsible 
for  ensuring  that  proper  documentation  is  recorded  during  each  site's  sampling 
activities. 

6.4  FIELD  DATA  VALIDATION  AND  REPORTING 

The  contractor  analyst  will  review  100  percent  of  all  screening  data  prior  to 
reporting.  Screening  data  will  constitute  all  analytical  method  results  from  analyses 
performed  in  the  field  laboratory  environment.  The  contractor  will  determine  if  their 
data  quality  objectives  (DQOs)  for  field  data  have  been  met,  and  also  will  calculate  the 
percent  complete  (PC)  for  field  data  results. 

At  a  minimum,  the  review  of  screening  data  will  focus  on  the  following  topics: 


6-6 


K:\MYRTLE\TEXT\SQAP.WW6 


•  Holding  times; 

•  Method  blanks; 

•  Field  instrumentation  detection  limits; 

•  Analytical  batch  control  records  including  calibrations,  and  spike  recoveries; 

•  Completeness  of  data;  and 

•  Flag  all  results  with  an  “S”  to  denote  sample  results  from  field  screening  versus 
fixed  laboratory  results. 

Field  data  will  be  validated  using  four  different  procedures,  as  described  below.; 

.  Routine  checks  (e.g.,  looking  for  errors  in  identification  codes)  will  be  made 
during  the  processing  of  data. 

•  Internal  consistency  of  a  data  set  will  be  evaluated.  This  step  will  involve 
plotting  the  data  and  testing  for  outliers. 

.  Checks  for  consistency  of  the  data  set  over  time  will  be  performed.  This  can  be 
accomplished  by  comparing  data  sets  against  gross  upper  limits  obtained  from 
historical  data  sets,  or  by  testing  for  historical  consistency.  Anomalous  data  will 
be  identified. 

•  Checks  may  be  made  for  consistency  with  parallel  data  sets.  An  example  of  such 
a  check  would  be  comparing  data  from  the  same  region  of  the  aquifer  or  volume 
of  soil. 
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SECTION  7 

FIXED-BASE  LABORATORY  ANALYTICAL  PROCEDURES 


Application  of  a  specific  analytical  method  depends  on  the  sample  matrix  and  the 
analytes  to  be  identified.  Methods  for  each  of  the  parameters  likely  to  be  included  in 
the  analytical  program,  as  well  as  detection  limits,  are  discussed  in  the  following 
subsections.  All  analytical  methods  are  USEPA  approved. 

7.1  ANALYTICAL  METHODS 

Analytical  procedures  will  follow  the  established  USEPA  and/or  American  Society 
for  Testing  and  Materials  (ASTM)  methods  as  recommended  by  AFCEE  wherever  such 
methods  exist  for  a  specified  analyte.  All  approved  methods  are  presented  in  Table  7.1. 
The  referenced  methods  are  defined  in  the  following  documents: 

•  USEPA  (1983/  Methods  for  Chemical  Analysis  of  Water  and  Wastes,  EPA  600/4- 
79-020. 

•  USEPA  (1995)  Test  Methods  for  Evaluating  Solid  Waste,  Physical  and  Chemical 
Methods,  SW846,  3rd  Edition  ,  Update  IEB. 

•  American  Society  for  Testing  and  Materials  Methods  (ASTM,  1995). 

7.1.2  Detection  and  Quantitation  Limits 

This  section  describes  the  terms,  definitions,  and  formulas  that  will  be  used  for 
detection  and  quantitation  limits. 

7.1.3  Instrument  Detection  Limit 

The  instrument  detection  limit  (IDL)  reflects  the  instrument  operating  efficiency ,  not 
sample  preparation  or  concentration/dilution  factors.  The  IDL  is  operationally  defined 
as  three  times  the  standard  deviation  of  seven  replicate  analyses  of  the  lowest 
concentration  that  is  statistically  different  from  a  blank.  This  represents  99-percent 
confidence  that  the  signal  identified  is  the  result  of  the  presence  of  the  analyte,  and  not 
random  noise. 

7.1.4  Method  Detection  Limit 

The  method  detection  limit  (MDL)  is  the  lowest  concentration  at  which  a  specific 
analyte  in  a  matrix  can  be  measured  and  reported  with  99-percent  confidence  that  the 
analyte  concentration  is  greater  than  zero.  MDLs  are  experimentally  determined  and 
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TABLE  7.1 

PRACTICAL  QUANTITATION  LIMITS 
SITE  SAMPLING  AND  ANALYSIS  PLAN 
RISK-BASED  APPROACH  TO  FUEL  SPILL  REMEDIATION 


Parameter/Method 


Aromatic  Volatile 
Organics  Compounds 
SW5030A/SW8020A 
(W^,  Sd) 


Methane 

SW3810  Modified 


Volatile  Organics 

SW5030A/SW8260A 

(W,S) 


Analyte 


1 .2- Dichlorobenzene 

1 .3- Dichlorobenzene 

1 .4- Dichlorobenzene 
Benzene 
Chlorobenzene 
Ethylbenzene 
Toluene 
Xylenes,  Total 


Water 


1.1.1 .2- Tetrachloroethane 

1.1.1  -Trichloroethane 

1 . 1 .2.2- Tetrachloroethane 

1 . 1 .2- Trichloroethane 

1.1- Dichloroethane 

1.1- Dichloroethene 

1 . 1  -Dichloropropene 

1 .2.3- Trichlorobenzene 

1.2.3- Trichloropropane 

1 .2.4- Trichlorobenzene 

1 .2.4- Trimethylbenzene 

1 .2- Dichloroethane 

1 .2- Dichlorobenzene 

1 .2- Dibromo-3-Chloropropane 

1 .2- Dichloropropane 

1.2- Dibromoethane 

1 .3 .5- Trimethylbenzene 

1 .3- Dichlorobenzene 

1 .3- Dichloropropane 
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TABLE  7.1  (Continued) 

PRACTICAL  QUANTITATION  LIMITS 
SITE  SAMPLING  AND  ANALYSIS  PLAN 
RISK-BASED  APPROACH  TO  FUEL  SPILL  REMEDIATION 


Parameter/Method 


Volatile  Organics  (Cont) 

SW5030A/SW8260A 

(W,S) 


Water 

Soil 

Analyte 

mmu\ 

Unit 

PQL 

Unit 

1 ,4-Dichlorobenzene 

0.3 

Hg/L 

0.002 

mg/kg 

1-Chlorohexane 

0.5 

Hg/L 

0.003 

mg/kg 

2,2-Dichloropropane 

3.5 

/tg/L 

0.02 

mg/kg 

2-Chlorotoluene 

0.4 

Mg/L 

0.002 

mg/kg 

4-Chlorotoluene 

0.6 

/ig/L 

0.003 

mg/kg 

Benzene 

0.4 

Mg/L 

0.002 

mg/kg 

Bromobenzene 

0.3 

Hg/L 

0.002 

mg/kg 

Bromochloromethane 

0.4 

Mg/L 

0.002 

mg/kg 

Bromodichloromethane 

0.8 

Hg/L 

0.004 

mg/kg 

Bromoform 

1.2 

Mg/L 

0.006 

mg/kg 

Bromomethane 

1.1 

^g/L 

0.005 

mg/kg 

Carbon  Tetrachloride 

2.1 

Mg/L 

0.01 

mg/kg 

Chlorobenzene 

0.4 

UglL 

0.002 

mg/kg 

Chloroethane 

1.0 

fig/L 

0.005 

mg/kg 

Chloroform 

0.3 

jtg/L 

0.002 

mg/kg 

Chloromethane 

1.3 

Mg/L 

0.007 

mg/kg 

Cis- 1 ,2-Dichloroethene 

1.2 

lig/L 

0.006 

mg/kg 

Cis-1 ,3-Dichloropropene 

1.0 

Hg/L 

0.005 

mg/kg 

Dibromochloromethane 

0.5 

^g/L 

0.003 

mg/kg 

Dibromomethane 

2.4 

Mg/L 

0.01 

mg/kg 

Dichlorodifluoromethane 

1.0 

pg/L 

0.005 

mg/kg 

Ethylbenzene 

0.6 

Mg/L 

0.003 

mg/kg 

Hexachlorobutadiene 

1.1 

pg/L 

0.005 

mg/kg 

Isopropylbenzene 

0.5 

Mg/L 

0.008 

mg/kg 

m-Xylene 

0.5 

/ig/L 

0.003 

mg/kg 

Methylene  Chloride 

0.3 

/xg/L 

0.002 

mg/kg 

n-Butylbenzene 

1.1 

/^g/L 

0.005 

mg/kg 

n-Propylbenzene 

0.4 

/ig/L 

0.002 

mg/kg 

Naphthalene 

0.4 

Mg/L 

0.002 

mg/kg 

o-Xylene 

1.1 

/ig/L 

0.005 

mg/kg 

p-Isopropyltoluene 

1.2 

Mg/L 

■ 

■ 

mg/kg 

p-Xylene 

1.3 

Mg/L 

mg/kg 

TABLE  7.1  (Continued) 

PRACTICAL  QUANTITATION  LIMITS 
SITE  SAMPLING  AND  ANALYSIS  PLAN 
RISK-BASED  APPROACH  TO  FUEL  SPELL  REMEDIATION 


Water 

Soil  | 

Parameter/Method 

Analyte 

Unit 

PQL 

Unit 

Volatile  Organics  (Cont) 

Sec-Butylbenzene 

1.3 

/* g/L 

0.007 

mg/kg 

SW5030A/SW8260A 

Styrene 

0.4 

/xg/L 

0.002 

mg/kg 

(W,S) 

Tricholoroethene 

1.0 

fig/L 

0.01 

mg/kg 

Tert-Butylbenzene 

1.4 

Pg/L 

0.007 

mg/kg 

Tetrachloroethylene 

1.4 

Mg/L 

0.007 

mg/kg 

Toluene 

1.1 

Mg/L 

0.005 

mg/kg 

Trans- 1 ,2-Dichloroethene 

0.6 

Mg/L 

0.003 

mg/kg 

* 

Trans-1 ,3-Dichloropropene 

1.0 

/ig/L 

0.005 

mg/kg 

Trichlorofluoromethane 

0.8 

/ig/L 

0.004 

mg/kg 

Vinyl  Chloride 

1.1 

WMSM 

0.009 

KM39I 

Semivolatile  Organics 

1 ,2,4-Trichlorobenzene 

10.0 

Mg/L 

0.7 

mg/kg 

Base/Neutral 

Extractables 

1 ,2-Dichlorobenzene 

10.0 

fig/L 

0.7 

mg/kg 

SW3510B/SW8270B  (W) 

1 ,3-Dichlorobenzene 

10.0 

Hg/L 

0.7 

mg/kg 

SW3550A/SW8270B  (S) 

1 ,4-Dichlorobenzene 

10.0 

/ig/L 

0.7 

mg/kg 

2,4-Dinitrotoluene 

10.0 

Mg/L 

0.7 

mg/kg 

2,6-Dinitrotoluene 

10.0 

Mg/L 

0.7 

mg/kg 

2-Chloronaphthalene 

10.0 

V- g/L 

0.7 

mg/kg 

2-Methylnaphthalene 

10.0 

Mg/L 

0.7 

mg/kg 

2-Nitroaniline 

50.0 

/tg/L 

mg/kg 

3-Nitroaniline 

50.0 

Mg/L 

mg/kg 

3.3‘-Dichlorobenzidine 

20.0 

/*g/L 

1.3 

mg/kg 

4-Bromophenyl  Phenyl  Ether 

10.0 

/‘g/L 

0.7 

mg/kg 

4-Chloroaniline 

20.0 

Mg/L 

1.3 

mg/kg 

4-Chlorophenyl  Phenyl  Ether 

10.0 

/‘g/L 

0.7 

mg/kg 

4-Nitroaniline 

50.0 

Mg/L 

3.3 

mg/kg 

Acenaphthylene 

10.0 

/»g/L 

0.7 

mg/kg 

Acenapthene 

10.0 

Mg/L 

0.7 

mg/kg 

Anthracene 

10.0 

Mg/L 

0.7 

mg/kg 

Benz  (a)  Anthracene 

10.0 

Mg/L 

0.7 

mg/kg 

Benzo  (a)  Pyrene 

10.0 

Mg/L 

0.7 

mg/kg 

Benzo  (b)  Fluoranthene 

10.0 

/*g/L 

0.7 

mg/kg 

Benzo  (g,h,i)  Perylene 

10.0 

^g/L 

0.7 

mg/kg 

7-4 


I:\IN\CHRLSTON\SAPT71  .WW6 


TABLE  7.1  (Continued) 

PRACTICAL  QUANTITATION  LIMITS 
SITE  SAMPLING  AND  ANALYSIS  PLAN 
RISK-BASED  APPROACH  TO  FUEL  SPILL  REMEDIATION 


Parameter/Method 

Water 

Soil  | 

Analyte 

jm m\ 

Unit 

PQL 

Unit 

Semivolatile  Organics 

Benzyl  Alcohol 

20.0 

Mg/L 

1.3 

mg/kg 

Base/Neutral 

Bis  (2-Chlorethyl)  Ether 

10.0 

Jtg/L 

0.7 

mg/kg 

Extractables 

SW3510B/SW8270B  (W) 

Bis  (2-Chloroethoxy)  Methane 

10.0 

Mg/L 

0.7 

mg/kg 

SW3550A/SW8270B  (S) 

Bis  (2-Chloroisopropyl)  Ether 

10.0 

Mg/L 

0.7 

mg/kg 

(Cont) 

Bis  (2-Ethylhexyl)  Pbthalate 

10.0 

Mg/L 

0.7 

mg/kg 

Butyl  Benzylphthalate  • 

10.0 

Mg/L 

0.7 

mg/kg 

Chrysene 

10.0 

.Mg/L 

0.7 

mg/kg 

Di-n-Butylphthalate 

10.0 

Mg/L 

0.7 

mg/kg 

Di-n-Octylphthalate 

10.0 

Mg/L 

0.7 

mg/kg 

Dibenz  (a,h)  Anthracene 

10.0 

/tg/L 

0.7 

mg/kg 

Dibenzofuran 

10.0 

Mg/L 

0.7 

mg/kg 

Diethyl  Phthalate 

10.0 

UglL 

0.7 

mg/kg 

Dimethly  Phthalate 

10.0 

Mg/L 

0.7 

mg/kg 

Fluoranthene 

10.0 

Mg/L 

0.7 

mg/kg 

Fluorene 

10.0 

pg/L 

0.7 

mg/kg 

Hexachlorobenzene 

10.0 

Hg/L 

0.7 

mg/kg 

Hexachlorobutadiene 

10.0 

UglL 

0.7 

mg/kg 

Hexachlorocyclopentadiene 

10.0 

fig/L 

0.7 

mg/kg 

Hexachloroethane 

10.0 

Mg/L 

0.7 

mg/kg 

Indeno  (1,2,3-cd)  Pyrene 

10.0 

Mg/L 

0.7 

mg/kg 

Isophorone 

10.0 

/tg/L 

0.7 

mg/kg 

n-Nitrosodiphenylamine 

10.0 

/tg/L 

0.7 

mg/kg 

n-Nitrosodi-n-Propylamine 

10.0 

/tg/L 

0.7 

mg/kg 

Naphthalene 

10.0 

Mg /L 

0.7 

mg/kg 

Nitrobenzene 

10.0 

Mg/L 

0.7 

mg/kg 

Phenanthrene 

10.0 

/tg/L 

0.7 

mg/kg 

Pyrene 

10.0 

Mg /L 

0.7 

mg/kg 

Semivolatile  Organics 

2 ,4 ,5-Trichlorophenol 

50.0 

Mg/L 

3.3 

mg/kg 

Acid  Extractables 

2 ,4, 6-Trichlorophenol 

10.0 

Mg/L 

0.3 

mg/kg 

SW3510B/SW8270B  (W) 

2,4-Dichlorophenol 

10.0 

Mg/L 

0.3 

mg/kg 

SW3550A/SW8270B  (S) 

2 ,4-Dimethy  lphenol 

10.0 

Mg/L 

0.3 

mg/kg 

2,4-Dinitrophenol 

50.0 

Mg/L 

3.3 

1  mg/kg 
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TABLE  7.1  (Continued) 

PRACTICAL  QUANTITATION  LIMITS 
SITE  SAMPLING  AND  ANALYSIS  PLAN 
RISK-BASED  APPROACH  TO  FUEL  SPILL  REMEDIATION 


Parameter/Method 

Analyte 

Water 

Soil  1 

E255H 

Unit 

PQL 

Unit 

Semivolatile  Organics 

2-Chlorophenol 

10.0 

Mg/L 

0.3 

mg/kg 

Acid  Extractables 

2-Methylphenol 

10.0 

Mg/L 

0.3 

mg/kg 

SW3510B/SW8270B  (W) 

2-Nitrophenol 

10.0 

fig/L 

0.3 

mg/kg 

SW3550A/SW8270B  (S) 

4,6-Dinitro-2-Methylphenol 

50.0 

Mg/L 

3.3 

mg/kg 

(Cont) 

4-Chloro-3-Methylphenol 

20.0 

Mg/L 

1.3 

mg/kg 

4-Methylphenol 

10.0 

Mg/L 

0.3 

mg/kg 

4-Nitrophenol 

50.0 

Mg/L 

1.6 

mg/kg 

Benzoic  Acid 

50.0 

UglL 

1.6 

mg/kg 

Pentachlorophenol 

50.0 

Mg/L 

3.3 

mg/kg 

Phenol 

10.0 

E g/L 

0.3 

mg/kg 

Polynuclear  Aromatic 

Acenaphthene 

18.0 

Mg/L 

1.2 

mg/kg 

Hydrocarbons 

Acenaphthylene 

23.0 

//g/L 

1.54 

mg/kg 

SW3510B/SW8310  (W) 

Anthracene 

6.6 

Mg/L 

0.44 

mg/kg 

SW3550A/SW83 10  (S) 

Benz  (a)  Anthracene 

0.13 

Mg/L 

0.009 

mg/kg 

Benzo  (a)  Pyrene 

0.23 

Mg/L 

0.015 

mg/kg 

Benzo  (b)  Fluoranthene 

0.18 

Mg/L 

0.012 

mg/kg 

Benzo  (g,h,i)  Perylene 

0.76 

//g/L 

0.05 

mg/kg 

Benzo  (k)  Fluoranthene 

0.17 

Mg /L 

0.011 

mg/kg 

Chrysene 

1.5 

Mg/L 

0.1 

mg/kg 

Dibenzo  (a,h)  Anthracene 

0.3 

Mg/L 

0.02 

mg/kg 

Fluoranthrene 

2.1 

Mg/L 

0.14 

mg/kg 

Fluorene 

2.1 

Mg/L 

0.14 

mg/kg 

Indeno  (l,2,3-c,d)  Pyrene 

0.43 

Mg/L 

0.03 

mg/kg 

i 

Naphthalene 

18.0 

Mg/L 

1.2 

mg/kg 

Phenanthrene 

6.4 

Mg/L 

0.42 

mg/kg 

Pyrene 

2.7 

Mg/L 

0.18 

mg/kg 

ICP  Screen  for  Metals 

Aluminum 

0.5 

ing/L*' 

50.0 

mg/kg 

SW3005A/SW6010A  (W) 

Antimony 

0.4 

mg/L 

40.0 

mg/kg 

SW3050A/SW60I0A  (S) 

Arsenic 

0.6 

mg/L 

60.0 

mg/kg 

Barium 

0.02 

mg/L 

2.0 

mg/kg 

Beryllium 

0.003 

mg/L 

0.3 

mg/kg 

Cadmium 

0.04 

mg/L 

4.0 

mg/kg 
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TABLE  7.1  (Continued) 

PRACTICAL  QUANTITATION  LIMITS 
SITE  SAMPLING  AND  ANALYSIS  PLAN 
RISK-BASED  APPROACH  TO  FUEL  SPILL  REMEDIATION 


Water 

Soil  | 

Parameter/Method 

Analyte 

E5SH 

Unit 

PQL 

Unit 

ICP  Screen  for  Metals 

Calcium 

0.1 

mg/L 

10.0 

mg/kg 

SW3005A/SW60I0A  (W) 

Chromium 

0.07 

mg/L 

7.0 

mg/kg 

SW3050A/SW6010A  (S) 

Cobalt 

0.07 

mg/L 

7.0 

mg/kg 

(Cont) 

Copper 

0.06 

mg/L 

6.0 

mg/kg 

Iron 

0.07 

mg/L 

7.0 

mg/kg 

Lead 

0.5 

mg/L 

50.0 

mg/kg 

Magnesium 

0.3 

mg/L 

30.0 

mg/kg 

Manganese 

0.02 

mg/L 

2.0 

mg/kg 

Molybdenum 

0.08 

mg/L 

8.0 

mg/kg 

Nickel 

0.15 

mg/L 

15.0 

mg/kg 

Potassium 

5.0 

mg/L 

500.0 

mg/kg 

Selenium 

0.8 

mg/L 

80.0 

mg/kg 

Silver 

0.07 

mg/L 

7.0 

mg/kg 

Sodium 

0.3 

mg/L 

30.0 

mg/kg 

Thallium 

0.4 

mg/L 

40.0 

mg/kg 

Vanadium 

0.08 

mg/L 

8.0 

mg/kg 

Zinc 

0.02 

mg/L 

2.0 

mg/kg 

S  W3020 A/S  W742 1  (W) 

SW3050A/SW7421  (S) 

Lead 

0.005 

mg/L 

0.5 

mg/kg 

Common  Anions 

Bromide 

0.1 

mg/L 

0.1 

mg/kg 

SW9056 

Chloride 

0.2 

mg/L 

0.2 

mg/kg 

Fluoride 

0.2 

mg/L 

0.2 

mg/kg 

Nitrate 

0.1 

mg/L 

0.1 

mg/kg 

Nitrite 

0.4 

mg/L 

0.1 

mg/kg 

Phosphate 

0.1 

mg/L 

0.1 

mg/kg 

Sulfate 

0.2 

mg/L 

0.2 

mg/kg 

E160.1 

Total  Dissolved  Solids 

10.0 

mg/L 

NA 

NA 

E160.2 

Total  Suspended  Solids 

5.0 

mg/L 

NA 

NA 

E310.1 

Alkalinity 

10.0 

mg/L 

NA 

NA 

E353.1 

Nitrogen,  Nitrate/Nitrite 

0.1 

mg/L 

NA 

NA 

SW9050 

Conductance 

NA 

NA 

NA 

NA 

SW9040 

pH 

NA 

NA 

NA 

NA 
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TABLE  7.1  (Continued) 

PRACTICAL  QUANTITATION  LIMITS 
SITE  SAMPLING  AND  ANALYSIS  PLAN 
RISK-BASED  APPROACH  TO  FUEL  SPELL  REMEDIATION 


SOURCE:  AFCEE  QAPP,  Version  1.1,  February  1996 


PQLs  = 

practical  quantitation  limits.  PQLs  are  equal  to  the  project  reporting  limits. 

Pg/L  = 

micrograms  per  liter. 

mg/kg  = 

milligrams  per  kilogram. 

W  = 

water. 

S  = 

soil. 

NA  = 

not  applicable. 

mg/L  = 

milligrams  per  liter. 
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verified  for  each  target  analyte  of  the  methods  in  the  sampling  program.  The 
laboratory  will  determine  MDLs  for  each  analyte  and  matrix  type  prior  to  analysis  of 
project  samples.  MDLs  are  based  on  the  results  of  seven  matrix  spikes  at  the  estimated 
MDL,  and  are  statistically  calculated  in  accordance  with  the  Title  40,  Code  of  Federal 
Regulations  Part  136  (40  CFR  136).  The  standard  deviation  of  the  seven  replicates  is 
determined  and  multiplied  by  3.14  (i.e.,  the  99-percent  confidence  interval  from  the 
one-sided  Students  T-test).  MDLs  must  be  determined  annually  as  a  minimum.  The 
MDLs  to  be  used  are  intended  to  allow  that  both  nondetects  and  detects  will  be  usable 
to  the  fullest  extent  possible  for  the  project. 

7.1.5  Project  Reporting  Limit 

To  define  analytical  data  reporting  limits  that  meet  project  DQOs,  potential  risk- 
based  screening  criteria  were  identified.  State-specified  “clean  closure 
concentrations,  risk-based  preliminary  remediation  goals  (PRGs),  regulatory 
concentrations,  or  other  relevant  soil,  groundwater,  and  surface  water  action  levels  will 
be  reviewed  to  identify  the  most  stringent  comparison  criteria  for  each  matrix  likely  to 
be  applicable.  The  project  reporting  limits  (PRLs),  listed  as  the  practical  quantitation 
limits  (PQL)  in  Table  7.1,  will  be  reviewed  in  comparison  to  the  risk-based  screening 
criteria. 

The  PRL  is  equivalent  to  the  current  PQL  guidance  listed  in  the  AFCEE  (1996) 
QAPP.  Because  the  project  remediation  goals  are  developed  for  risk-based  site 
closure,  all  sample  results  will  be  the  reported  at  or  above  the  MDL  for  each  analyte. 
All  results  above  the  MDL  but  below  the  PQL  will  be  qualified  in  the  data  deliverable 
from  the  laboratory  with  a  “FJ”  flag.  The  “FJ”  flag  will  denote  the  sample  result  as 
below  the  PQL  (see  Section  7.6.2).  Where  practical,  MDLs  must  be  lower  than  the 
risk-based  criterion  determined  for  the  project.  Laboratories  must  verify  the  PRLs  by 
analyzing  a  standard  at  or  below  the  PRL  within  the  calibration  curve. 

All  analytical  results  for  soils  (both  nondetected  and  detected)  will  be  reported  on  a 
dry- weight  basis  (i.e.,  corrected  for  moisture  content).  The  moisture  content  for  each 
soil  sample  will  be  reported.  The  equation  for  moisture  content  given  for  the  SW-846 
Method  SW3550  is  as  follows: 

Initial  Weight  -  Dried  Weight  x  100  =  %  moisture 
Initial  Weight 

The  result  of  the  sample  on  a  dry- weight  basis  is  as  follows: 

Result  of  analysis  on  wet  weight  basis  =  Result  of  analysis  on  a  dry -weight  basis 
100  -  %  Moisture 

7.1.6  Sample  Quantitation  Limit 

Sample  quantitation  limits  (SQLs)  are  defined  as  the  MDL  multiplied  by  the  dilution 
factor  (DF)  required  to  analyze  the  sample,  and  corrected  for  moisture  or  sample  size. 
These  adjustments  may  be  due  to  matrix  effects  or  to  the  high  concentrations  of  some 
analytes.  For  example,  if  an  analyte  is  present  at  a  concentration  that  is  greater  than 
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the  linear  range  of  the  analytical  method,  the  sample  must  be  diluted  for  accurate 
quantitation.  The  DF  raises  the  reporting  limit,  which  then  becomes  the  SQL. 
Because  the  reported  SQLs  take  into  account  sample  characteristics  and  analytical 
adjustments,  they  are  the  most  relevant  quantitation  limits  for  evaluating  nondetected 
chemicals. 

7.1.7  Reporting  Units 

The  following  are  the  prescribed  reporting  units  for  all  analytical  methods: 

Soil  and  sediment  samples  -  organics:  micrograms  per  kilogram  (pig/kg),  dry-weight 
basis; 

Soil  and  sediment  samples  -  inorganics/metals:  milligrams  per  kilogram  (mg/kg), 
dry-weight  basis;  .  4 

Water  samples  -  inorganics/metals:  milligrams  per  liter  (mg/L);  and 

Water  samples  -  organics:  micrograms  per  liter  (/xg/L). 

7.2  LABORATORY  QUALITY  CONTROL  DATA 

Laboratory  QC  data  are  necessary  to  determine  the  precision  and  accuracy  of  the 
analyses,  confirm  matrix  interferences,  and  demonstrate  target  compound 
contamination  of  sample  results.  QC  samples  will  be  analyzed  routinely  by  the 
analytical  laboratory  as  part  of  the  laboratory  QC  procedures.  Contract  laboratories 
performing  definitive  data  quality  analyses  require  a  more  stringent  QC  program  than 
those  performing  screening-level  data  quality  analyses.  Definitions  for  QC  samples  are 
presented  below.  Frequency  and  acceptance  requirements  are  defined  in  Table  7.2. 
All  precision  and  accuracy  control  limit  criteria  are  defined  in  Table  1.1. 

7.2.1  Holding  Time 

Holding  times  for  sample  extraction  and/or  analysis  as  required  by  the  methods  will 
be  met  for  all  samples.  The  holding  time  is  calculated  from  the  date  and  time  of 
sample  collection  to  the  time  of  sample  preparation  and/or  analysis.  All  sample 
analyses  to  include  dilutions  and  second-column  confirmation  will  meet  the  required 
holding  times.  Results  for  samples  exceeding  holding  time  will  be  qualified  as 
unusable  (flagged  “R”).  Table  7.3  defines  applicable  method-specific  analytical 
holding  times. 

7.2.3  Method  Blanks 

Method  blanks  are  designed  to  detect  contamination  of  the  field  samples  in  the 
laboratory  environment.  Method  blanks  verify  that  interferences  caused  by 
contaminants  in  solvents,  reagents,  glassware,  or  in  other  sample  processing  hardware 
are  known  and  minimized.  The  method  blank  will  be  ASTM  Type  II  water  (or 
equivalent)  for  water  samples,  and  a  purified  solid  matrix  (Ottawa  sand  or  equivalent) 
for  soil  samples.  The  concentration  of  target  compounds  in  the  blanks  must  be  less  than 
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TABLE  7.2 

SUMMARY  OF  CALIBRATION  AND  QCa/  PROCEDURES 
SITE  SAMPLING  AND  ANALYSIS  PLAN 
RISK-BASED  APPROACH  TO  FUEL  SPILL  REMEDIATION 
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TABLE  7.3 

REQUIREMENTS  FOR  CONTAINERS,  PRESERVATION  TECHNIQUES, 
SAMPLE  VOLUMES,  AND  HOLDING  TIMES 
SITE  SAMPLING  AND  ANALYSIS  PLAN 
RISK-BASED  APPROACH  TO  REMEDIATION 


Parameter 

Analytical 

Methods 

Container*' 

Preservation^ 

Minimum 
Sample 
Volume  or 
Weight 

Maximum  Holding 
Time 

Alkalinity 

E310.1 

P.G 

4°Cd/ 

50  mL0' 

Common  Anions 

SW9056 

P.G 

None  required 

50  mL 

28  days  for  Br' ,  F% 
Cl'h/  and  S04'2i/;  48 
hours  for  NCV^, 
NO^  and  P04‘31/ 

Filterable  Residue 

E160.1  ! 

P.G 

ESHHHi 

100  mL 

7  days 

Nonfilterable 

Residue 

E160.2 

P.G 

4^ 

o 

o 

100  mL 

7  days 

SW9040/ 

SW9045 

P.G 

None  required 

mm 

Analyze  immediately 

Nitrogen, 

Nitrate+Nitrite 

E353.1 

P.G 

4°C,  H2SO/"  to 
pH  <2 

500  mL 

28  days 

Conductance 

SW9050 

P.G 

NA 

Mercury 

SW7470 

SW747I 

P,  G.T 

500  mL  or 

8  ounces 

HMM 

Metals 

SW6010A 
and  SW-846 
GFAAr/ 
methods 

P,  G,  T 

HN03  to  pH  <  2, 
4°C 

500  mL  or 

8  ounces 

180  days  (water  and 
soil) 

Semivolatile 

Organics 

SW8270B 

G,  Teflon- 
lined  cap,  T 

4°C,  0.008% 

Na^Oj 

1  liter  or 

8  ounces 

7  days  until 

extraction  and  40 
days  after  extraction 
(water);  14  days 
until  extraction  and 
40  days  after 

extraction  (soil) 

Volatile 

Aromatics 

' 

SW8020A 

G,  Teflon- 
lined  septum, 
T 

4°C,  HC1V  to 
pH  <2,  0.008% 
Na2S203 

2  x  40  mL 
or  4  ounces 

14  days  (water  and 
soil);  7  days  if 
unpreserved  by  acid 

Volatile  Organics 

SW8260A 

G,  Teflon- 
lined  septum, 
T 

4°C,  0.008% 

Na2S203  (HC1  to 
pH  <  2  for 

volatile  aromatics 
by  SW8240  and 
SW8260) 

2  x  40  mL 
or  4  ounces 

14  days  (water  and 
soil);  7  days  if 
unpreserved  by  acid 

Polynuclear 

Aromatic 

Hydrocarbons 

(PAHs) 

SW8310 

G,  Teflon- 
lined  cap,  T 

4°C,  store  in 
dark,  0.008% 

Na2S203 

1  liter  or 
8  ounces 

7  days  until 

extraction  and  40 
days  after  extraction 
(water);  14  days 
until  extraction  and 
40  days  after 

extraction  (soil) 
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TABLE  7.3  (Continued) 

REQUIREMENTS  FOR  CONTAINERS,  PRESERVATION  TECHNIQUES, 
SAMPLE  VOLUMES,  AND  HOLDING  TIMES 
SITE  SAMPLING  AND  ANALYSIS  PLAN 
RISK-BASED  APPROACH  TO  REMEDIATION 


^  Polyethylene  (P);  glass  (G);  brass  sleeves  in  the  sample  barrel,  sometimes  called 
b/  No  pH  adjustment  for  soil. 

**  Preservation  with  0.008  percent  Na  S  O  is  only  required  when  residual  chlorine 


'C  = 

ml.  = 

Bf  = 

F  = 

Cl  = 

so4  = 

NO,  = 
'NCfe  = 

P04  = 

w  = 

n/  S  = 

°'NA  = 

p/  HjS04  = 

v  hno3  = 

"  GFAA  = 

^  = 
v  HCI  = 


mJ 


2  2  3 

Degrees  Celsius 

Milliliter 

Bromide 

Fluoride 

Chloride 

Sulfate 

Nitrate 

Nitrite 

Phosphate 

Water 

Soil 

Not  applicable 
Sulfuric  acid 
Nitric  acid 

Graphite  Furnace  Atomic  Absorption 
Sodium  thiosulfate 
Hydrochloric  acid 


California  brass  (T). 
is  present. 
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or  equal  to  the  PRL  (Table  7.1).  Exceptions  are  not  made  for  common  laboratory 
contaminants.  If  the  blank  contaminant  concentration  is  not  less  than  the  specified 
limit,  then  the  source  of  contamination  will  be  identified,  and  corrective  action  will  be 
taken.  SQLs  and  detection  limits  will  not  be  raised  because  of  blank  contamination. 
Analytical  data  will  not  be  corrected  for  presence  of  analytes  in  blanks. 

7.2.4  Laboratory  Control  Samples 

Laboratory  control  samples  (LCSs)  are  blank  spikes  made  from  clean  laboratory- 
simulated  matrices  (reference  method  blank  matrices)  spiked  with  known 
concentrations  of  all  target  analytes  of  interest  at  levels  approximately  10  tunes  the 
MDLs.  The  LCS  is  carried  through  the  complete  sample  preparation  and  analysis 
procedures.  LCSs  are  designed  to  check  the  instrument  and  method  accuracy.  An 
LCS  will  be  analyzed  with  every  analytical  batch.  Failure  of  the  LCS  to  meet  %R 
criteria  listed  in  Table  1.1  requires  corrective  action  before  any  further  analyses  can 
continue.  All  sample  results  associated  with  the  out-of-control  LCS  must  be  reanalyzed 
after  control  has  been  reestablished. 

7.2.5  Surrogate  Spike  Analyses 

Surrogate  spike  analyses  are  used  to  determine  the  efficiency  of  analyte  recovery  in 
sample  preparation  and  analysis  in  relation  to  sample  matrix.  Calculated  %R  of  the 
spike  is  used  to  measure  the  accuracy  of  the  analytical  method  for  an  individual  sample. 
A  surrogate  spike  is  prepared  by  adding  to  an  environmental  sample  (before  extraction) 
a  known  concentration  of  a  compound  similar  in  type  to  the  target  analytes  (i.e.,  a 
surrogate  compound)  to  be  analyzed  for  organic  target  compounds.  Surrogate 
compounds  as  specified  in  the  methods  will  be  added  to  all  samples  analyzed,  including 
method  blanks,  MS/MSDs,  LCSs,  field  samples,  and  duplicate  samples. 

7.2.6  Matrix  Spike/Matrix  Spike  Duplicate 

Matrix  spike  (MS)  samples  are  designed  to  check  the  accuracy  of  the  analytical 
procedures  for  the  sample  matrix  by  analyzing  a  field  sample  spiked  in  the  laboratory 
with  a  known  standard  solution  containing  all  the  target  analytes.  A  matrix  spike 
duplicate  (MSD)  is  the  second  of  a  pair  of  laboratory  MS  samples.  The  MSDs  are 
designed  to  check  the  precision  and  accuracy  of  analytical  procedures  by  sample 
matrix. 

One  MS/MSD  pair  will  be  collected  for  every  group  of  20  project  samples  of  similar 
matrix.  Field  blanks  or  duplicates  are  not  to  be  used  as  MS/MSDs.  If  surrogate  and 
target  analyte  compounds  concentrations  are  out  of  control  in  the  MS/MSD,  but  the 
associated  accuracy  and  precision  are  in  control  in  the  LCS,  then  the  out-of-control 
situation  will  be  attributed  to  a  matrix  interference.  If  the  laboratory  system  is  shown 
to  be  out-of-control  (i.e.,  if  the  LCS  is  out-of-control),  then  re-extraction  and  reanalysis 
will  be  required.  The  laboratory  will  report  the  data  from  any  reanalysis  that  is 
performed. 
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7.2.7  Analytical  Batches 

Analytical  batches  will  be  designated  in  the  laboratory  at  a  minimum  of  one  batch 
per  sample  delivery  group  (SDG).  Each  SDG  will  be  comprised  of  a  maximum  of  20 
project  samples  of  similar  matrix  collected  within  a  7-day  period.  Included  in  each 
SDG  of  20  (or  fewer)  samples  per  analytical  method  will  be  an  analytical  batch 
identification  number.  This  identification  number  will  clearly  allow  a  reviewer  to 
determine  the  association  between  field  samples  and  QC  samples.  Analytical  batches 
also  will  be  inclusive  of  preparation  lots  and  calibration  periods. 

7.2.8  Retention  Times 

Retention  time  (RT)  is  the  amount  of  time  required  for  a  target  compound  to  elute 
from  the  chromatographic  column,  and  the  instrument  detector  to  record  a  signal 
response.  The  RT  window  is  the  allowable  deviation  from  the  true  expected  RT  for 
any  one  compound.  A  peak  response  within  this  RT  window  will  constitute  a  positive 
detection  for  that  compound.  RT  windows  are  QC  criteria  for  all  gas  chromatograph 
(GC)  and  high-performance  liquid  chromatography  (HPLC)  methods.  RT  windows  are 
determined  through  replicate  analyses  of  a  standard  over  multiple  days.  The 
calculation  of  RT  windows  is  described  in  USEPA  (1995)  Method  SW8000A. 
Corrective  action  is  required  when  the  RT  windows  are  out  of  control. 

7.2.9  Internal  Standards 

Internal  standards  (ISs)  are  compounds  of  known  concentrations  used  to  quantitate 
the  concentrations  of  target  detections  in  field  and  QC  samples.  ISs  are  added  to  all 
samples  after  sample  extraction  or  preparation.  Because  of  this,  ISs  provide  for  the 
accurate  quantitation  of  target  detections  by  allowing  for  the  effects  of  sample  loss 
through  extraction,  purging,  and/or  matrix  effects.  ISs  are  used  for  any  method 
requiring  an  IS  calibration.  Corrective  action  is  required  when  ISs  are  out  of  control. 

7.2.10  Interference  Check  Standard 

The  interference  check  standard  (ICS)  is  used  to  verily  the  background  and 
interelement  correction  factors  for  metals  in  method  SW6010A.  The  ICS  is  analyzed  at 
the  beginning  and  end  of  each  analytical  sequence.  Method-specific  acceptance  limits 
listed  in  Table  1.1  will  apply. 

7.2.11  Second  Column  Confirmation 

Quantitative  confirmation  of  results  at  or  above  the  PQL  for  samples  analyzed  by 
GC  or  HPLC  will  be  required  and  will  be  completed  within  the  method-required 
holding  times.  For  GC  methods,  a  second  column  is  used  for  confirmation.  For  HPLC 
methods,  a  second  column  or  a  different  detector  is  used.  The  result  of  the  first 
column/detector  will  be  the  result  reported. 
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7.2.12  Control  Limits 

The  control  limits  associated  with  all  method  QC  will  follow  guidance  established  in 
the  AFCEE  (1996)  QAPP.  For  methods  not  defined  in  the  AFCEE  (1996)  QAPP 
(e.g.,  SW3810  modified  for  methane),  the  acceptance  criterion  in  Table  1.1  is  listed  as 
suggested  guidance. 

7.2.13  Calibration  Requirements 

Analytical  instruments  will  be  calibrated  in  accordance  with  the  analytical  methods. 
All  analytes  reported  will  be  present  in  the  initial  and  continuing  calibrations,  and  these 
calibrations  must  meet  the  acceptance  criteria  specified  in  Table  1.1.  Records  of 
standard  preparation  and  instrument  calibration  will  be  maintained  by  the  contract 
laboratory.  Records  will  unambiguously  trace  the  preparation  of  standards  and  their 
use  in  calibration  and  quantitation  of  sample  results.  Calibration  standards  will  be  _ 
traceable  to  standard  materials. 

Analyte  concentrations  are  determined  with  either  calibration  curves  or  response 
factors  (RFs).  For  GC  and  GC/mass  spectroscopy  (MS)  methods,  when  using  RFs  to 
determine  analyte  concentrations,  the  average  RF  from  the  initial  five-point  calibration 
will  be  used.  The  continuing  calibration  will  not  be  used  to  update  the  RFs  from  the 
initial  five-point  calibration. 

7.2.14  Standard  Materials 

Standard  materials  used  in  calibration  and  to  prepare  samples  will  be  traceable  to 
National  Institute  of  Standards  and  Technology  (NIST),  USEPA,  American  Association 
of  Laboratory  Accreditation  (A2LA)  or  other  equivalent  approved  source,  if  available. 
The  standard  materials  will  be  current,  in  accordance  with  the  following  expiration 
policy:  The  expiration  dates  for  amputated  solutions  will  not  exceed  the 

manufacturer’s  expiration  date  or  one  year  from  the  date  of  receipt,  whichever  occurs 
first.  Expiration  dates  for  laboratory-prepared  stock  and  diluted  standards  will  be  no 
later  than  the  expiration  date  of  the  stock  solution  or  material,  or  the  date  calculated 
from  the  holding  time  allowed  by  the  applicable  analytical  method,  whichever  occurs 
first.  The  laboratory  will  label  standard  and  QC  materials  with  expiration  dates. 

7.3  SAMPLE  CUSTODY  REQUIREMENTS 

Sample  custody  begins  in  the  field  at  the  tune  of  collection  and  continues,  throughout 
the  laboratory  analytical  process.  COC  forms  will  be  prepared  at  the  time  sample 
collection  and  will  accompany  the  samples  through  the  laboratory  sample  processing. 
To  facilitate  the  documentation  of  sample  custody,  the  laboratory  will  track  the 
progress  of  sample  preparation,  analysis,  and  report  preparation.  Samples  received  by 
the  laboratory  will  be  checked  carefully  for  label  identification,  COC  forms,  and  any 
discrepancies.  The  laboratory  will  also  note  physical  damage,  incomplete  sample 
labels,  incomplete  paperwork,  discrepancies  between  sample  labels  and  paperwork, 
broken  or  leaking  containers,  and  inappropriate  caps  or  bottles.  On  the  day  of  receipt 
of  samples  from  the  contractor,  the  laboratory  will  send  signed  facsimile  copies  of  all 
COCs  and  sample  log-in  receipt  forms  to  the  contractor.  All  discrepancies  and/or 
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potential  problems  (e.g.,  lack  of  sample  volume)  will  be  discussed  immediately  with 
the  contractor’s  project  task  manager. 

The  laboratory  sample  custodian  will  be  required  to  provide  a  report  to  the 
contractor  of  any  problems  observed  with  any  of  the  samples  received.  This  report 
will  also  document  the  condition  of  samples,  sample  numbers  received,  corresponding 
laboratory  numbers,  and  the  estimated  date  for  completion  of  analysis.  The  laboratory 
must  receive  written  permission  from  the  contractor  before  sending  any  samples 
(originally  scheduled  to  be  analyzed  at  their  facility)  to  another  laboratory.  Analyses 
will  not  be  performed  on  samples  whose  integrity  has  been  compromised  or  is  suspect. 

7.4  SAMPLE  HANDLING 

Laboratory  sample  custody  will  be  maintained  by  the  following  procedures: 

1.  The  laboratory  will  designate  a  sample  custodian  responsible  for  maintaining 
custody  of  the  samples  and  all  associated  paperwork  documenting  that  custody. 

2.  Upon  receipt  of  the  samples,  the  sample  custodian  will  sign  the  original  COC  form 
and  compare  the  analyses  requested  thereon  with  the  label  on  each  sample 
container. 

3.  A  qualitative  assessment  of  each  sample  container  will  be  performed  to  note  any 
anomalies  such  as  broken  or  leaking  bottles  or  lack  of  preservation  (e.g.,  ice 
melted  enroute).  This  assessment  will  be  recorded  as  part  of  the  incoming  COC 
procedure. 

4.  If  the  COC  and  samples  correlate,  and  there  has  been  no  tampering  with  the 
custody  seals,  the  "received  by  laboratory"  box  on  the  COC  form  will  be  signed 
and  dated. 

5.  Care  will  be  exercised  to  document  any  labeling  or  descriptive  errors.  In  the  event 
of  discrepancies,  breakage,  or  conditions  that  could  compromise  the  validity  of 
analyses,  the  laboratory  project  coordinator  will  immediately  contact  the  task 
manager  as  part  of  the  corrective  action  process. 

6.  Samples  will  be  logged  into  the  laboratory  management  computer  system,  which 
includes  a  tracking  system  for  extraction  and  analysis  dates.  The  laboratory  will 
assign  a  laboratory  work  number  to  each  sample  for  identification  purposes.  The 
sample  custodian  will  log  the  laboratory  work  number  and  the  field  sample 
identification  into  a  laboratory  sample  custody  log.  The  laboratory  sample  custody 
log  may  either  be  hard  copy  or  computerized,  depending  on  the  laboratory's 
system. 

7.  The  samples  will  be  stored  in  a  secured  area  at  a  temperature  of  approximately 
4  +  2  degrees  Celsius  (°C)  or  cooler  (as  applicable)  until  analyses  commence. 
The  laboratory  log  should  also  contain  the  laboratory  storage  cooler  number  (if 
applicable)  that  the  sample  will  be  stored  in  while  on  the  laboratory's  premises. 
Samples  will  be  logged  when  they  are  removed  and  returned  from  storage  for 
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analysis.  Samples  must  be  stored  in  separate  coolers  from  those  used  to  store 
analytical  standards,  reagents,  and/or  QC  samples. 

8.  The  samples  will  be  distributed  to  the  appropriate  analysts,  with  names  of 
individuals  who  receive  samples  recorded  in  internal  laboratory  records. 

9.  The  original  COC  form  will  accompany  the  laboratory  report  submittal  and  will 
become  a  permanent  part  of  the  project  records. 

10.  Data  generated  from  the  analysis  of  samples  also  must  be  kept  under  proper 
custody  by  the  laboratory. 

Upon  analysis,  a  laboratory  lot  control  number  will  be  assigned  to  the  sample.  All 
samples  within  a  given  laboratory  analysis  group  (e.g.,  samples  sharing  the  same 
laboratory  QC  measurement  samples)  will  have  identical  laboratory  lot  control 
numbers. 

Disposal  of  sample  containers  and  remaining  sample  material  will  be  the 
responsibility  of  the  laboratory.  Samples  should  be  disposed  of  appropriately  when  all 
analyses  and  related  QA/QC  work  are  completed. 

7.5  SAMPLE  IDENTIFICATION  AND  SAMPLE  CUSTODY  RECORDS 

The  laboratory  conducting  the  analysis  of  the  samples  will  provide  the  data  user  with 
information  on  die  laboratory  sample  identification  system.  With  knowledge  of  this 
laboratory  sample  identification  system,  data  generated  at  the  laboratory  can  be  tracked 
by  both  the  laboratory  and  field  sample  identification  systems. 

Each  sample  will  be  logged  into  the  laboratory  system  by  assigning  it  a  unique 
sample  number.  This  laboratory  number  and  the  field  sample  identification  number 
will  be  recorded  on  the  laboratory  report. 

7.6  LABORATORY  DATA  REDUCTION,  VALIDATION,  AND  REPORTING 
7.6.1  Review  Procedures  for  Definitive  Data 

The  fixed-base  laboratory  will  review  100  percent  of  all  definitive  data  prior  to 
reporting.  The  establishment  of  detection  and  control  limits  will  be  verified.  Any 
control  limits  outside  of  the  acceptable  ranges  specified  in  the  analytical  methods  will 
be  identified.  Any  trends  or  problems  with  the  data  will  be  evaluated.  Any  laboratory- 
established  detection  limits  that  exceed  the  established  method-specified  limits  will  be 
identified.  The  absence  of  records  supporting  the  establishment  of  control  criteria  or 
detection  limits  will  be  noted.  Analytical  batch  QC,  calibration  check  samples,  method 
calibrations,  continuing  calibration  verifications,  corrective  action  reports,  the  results 
of  reanalysis,  sample  holding  times,  sample  preservations,  and  any  resampling  and 
analysis  all  will  be  evaluated. 

Samples  associated  with  out-of-control  QC  data  will  be  identified  in  the  data  package 
case  narrative,  and  an  assessment  of  the  utility  of  such  analytical  results  will  be  made. 
The  check  of  laboratory  data  completeness  will  ensure  that: 
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.  All  samples  and  analyses  specified  in  the  SAP  have  been  processed; 

•  Complete  records  exist  for  each  analysis  and  the  associated  Q-  samples;  and 
.  Procedures  specified  in  this  SAP  have  been  implemented. 


The  results  of  the  completeness  check  will  be  documented. 


An  analyst  other  than  the  original  data  processor,  will  be  responsible  for  reviewing 
all  steps  of  the  data  processing.  All  input  parameters,  calibrations,  and  transcriptions 
will  be  checked.  All  manually  input,  computer-processed  data  will  be  checked.  Each 
page  of  checked  data  will  be  signed  and  dated  by  the  verifier. 

OC  sample  results  (LCSs,  MS/MSDs,  surrogates,  initial  calibration  standards,  and 
continuing  calibration  standards)  are  compared  against  stated  criteria  for  accuracy  and 
precision  (Table  7.2).  QC  data  must  meet  acceptance  levels  prior  to  processing  the 
analytical  data.  If  QC  standards  are  not  met,  the  cause  will  be  determined.  If  the 
cause  can  be  corrected  without  affecting  the  integrity  of  the  analytical  data,  processing 
of  the  data  will  proceed.  If  the  resolution  jeopardizes  the  integrity  of  the  data, 
reanalysis  will  occur. 


Decisions  to  repeat  sample  collection  and  analyses  may  be  made  by  the  contractor 
project  manager  based  on  the  extent  of  the  deficiencies  and  their  importance  in  the 
overall  context  of  the  project.  Figure  7.1  defines  the  general  flow  of  sample  data  from 
sample  shipment  to  the  laboratory  to  the  final  report  generation  by  the  contractor. 


7.6.2  Laboratory  Data  Reporting  Flags 

The  following  qualifiers  must  be  used  by  the  laboratory  when  reporting  sample 
results. 


Qualifier  Description 

J  The  analyte  was  positively  identified,  the  quantitation  is  an  estimation. 

U  The  analyte  was  analyzed  for,  but  not  detected.  The  associated  numerical 

value  is  at  or  below  the  MDL. 

F  The  analyte  was  positively  identified  but  the  associated  numerical  value  is 

below  the  PQL. 

R  The  data  are  unusable  due  to  deficiencies  in  the  ability  to  analyze  the  sample 
and  meet  QC  criteria. 

B  The  analyte  was  found  in  an  associated  blank,  as  well  as  in  the  sample. 

M  A  matrix  effect  was  present. 

T  Tentatively  identified  compound  (using  GC/MS) 
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FIGURE  7.1 
DATA  FLOWCHART 

QUALITY  ASSURANCE  PROGRAM  PLAN 
SITE  SAMPLING  AND  ANALYSIS  PLAN 
RISK-BASED  APPROACH  TO  FUEL  SPILL  REMEDIATION 


_ ▼ 

Report  Distributed 
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7.6.3  Contractor  Data  Reporting  Flags 

The  following  define  the  contractor  organic  and  inorganic  data  validation  qualifiers: 

U  -  The  material  was  analyzed  for,  but  was  not  detected  above  the  level  of 
the  associated  value.  The  associated  value  is  the  PRL  (e.g.,  the 
nondetect  level). 

J  -  The  associated  value  is  an  estimated  quantity. 

R  -  The  data  are  unusable  (Note:  analyte  may  or  may  not  be  present). 

UJ  -  The  material  was  analyzed  for  but  was  not  detected.  The  associated 

value  is  an  estimate  and  may  be  inaccurate  or  imprecise. . 

7.6.4  Data  Validation  and  Assessment  of  Usability  > 

Data  from  QC  samples  will  be  assessed  by  the  contractor  using  the  procedures  and 
criteria  presented  earlier  in  this  section.  This  assessment  will  be  a  continuous  process 
in  which  QA  problems  are  identified  immediately,  and  the  appropriate  corrective  action 
is  implemented.  Additionally,  the  contractor  will  assess  the  usability  of  analytical  data. 
Any  limitations  on  data  use  will  be  expressed  quantitatively  to  the  extent  practicable 
and  will  be  documented  in  any  reporting  of  the  data. 

This  data  usability  review  will  include  a  review  of  the  analytical  methods, 
quantitation  limits,  and  other  factors  important  in  determining  the  precision,  accuracy, 
completeness,  and  representativeness  of  the  final  data  set.  The  outcome  of  this  data 
review  will  be  a  data  set  appropriate  to  support  quantitative  fate  and  transport  analyses 
and  risk  analysis.  The  data  evaluation  methods  defined  in  Risk  Assessment  Guidance 
for  Superfund  (RAGS),  Volume  1:  Human  Health  Evaluation  Manual  (USEPA,  1989) 
and  the  Guidance  for  Data  Useability  in  Risk  Assessment  (USEPA,  1992)  will  be  used 
as  appropriate. 

7.6.5  Hard-Copy  Data  Deliverables 

Data  deliverables  required  for  the  analytical  results  include  both  a  hard  copy  and  an 
electronic  copy.  Hard-copy  reporting  of  analytical  results  will  include  analytical  results 
summaries  for  all  field  samples,  and  their  associated  QA/QC  samples.  The  laboratory 
will  be  required  to  provide  two  copies  of  each  hard  copy  data  reporting  package.  Data 
reporting  requirements  for  hard-copy  analytical  reports  are  in  Table  7.4  as  those  items 
listed  with  an  asterisk. 

7.6.6  Electronic  Data  Deliverables 

To  facilitate  data  handling  and  management,  both  field  and  laboratory  data  will  be 
entered  into  a  computerized  format.  All  data  will  be  delivered  to  the  contractor  from 
the  laboratory  in  the  database  format  specified  in  the  Installation  Restoration  Program 
Information  Management  System  (IRPIMS)  Data  Loading  Handbook ,  Version  2.2, 
AFCEE,  1991.  The  laboratory  will  be  responsible  for  running  QC  Tools  on  the 
analytical  data  files  prior  to  delivery  to  the  contractor.  _ 
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TABLE  7.4 

REQUIRED  LABORATORY  DELIVERABLES 


Method  Requirements 

Laboratory  Deliverables 
(Definitive  Data) 

Requirements  for  all  methods: 

Case  narrative 

Project  identification 

Analytical  method  description  and 
reference  citation. 

Discussion  of  unusual  circumstances, 
problems,  and  nonconformances. 

Monthly  QA  report 

Any  format  to  discuss  issues  which  may 
affect  data  quality  * 

Chain  of  Custody  (COC) 

Signed  and  dated  when  samples  were* 
received  at  laboratory 

Dates  of  sample  preparation  and  analysis 

Specific  deliverable  depends  upon* 

(including  first  run  and  subsequent  runs). 

type  of  analysis 

Quantitation  limits  achieved. 

Specific  deliverable  depends  upon  type* 
of  analysis 

Dilution  or  concentration  factors. 

Specific  deliverable  depends  upon* 
type  of  analysis 

Summary  analytical  batch  report 

Any  format* 

including  analytical  batch  samples, 
method  of  analysis,  matrix  description, 
date  of  sample  collection  and  receipt, 
laboratory  identification  number  of  each 
environmental  sample  plus  identification 
number  of  each  batch  quality  control  (QC) 
sample  (including  Matrix  Spike/Matrix  Spike 

Duplicate  (MS/MSD),  calibration  check,  etc.). 

Method  reporting  limits. 

QC  summary  report* 

QC  limits. 

QC  summary  report* 

Practical  Quantitation  Limit  (PQL)  verification 

standard  (weekly). 

Any  format 

Corrective  action  reports. 

Any  format  * 

A  copy  of  all  raw  laboratory  analytical 

Any  format 

data. 

(chromatograms,  mass  spectra 
and  data  system  printouts) 

Example  sample  calculation 

Any  format 

A  copy  of  the  sample  preparation 

Any  format 

data  form  for  each  method  indicating 

(preparation,  extraction, 

sample  identification  number,  batch 

or  digestion  data) 

identification  number,  and  date  of  preparation. 

Percent  moisture  for  all  soil  samples 

Any  format  * 
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TABLE  7.4  (Concluded) 
REQUIRED  LABORATORY  DELIVERABLES 


Method  Requirements 

Laboratory  Deliverables 
(Defmitive  Data) 

Requirements  for  organic  analytical  methods: 
Sample  data  sheets. 

Summary  information  only  2/* 

- 

Surrogate  recoveries. 

Summary  information  only  * 

- 

MS/MSD. 

Summary  information  only  * 

- 

Method  blank  analysis. 

Summary  information  only  * 

- 

Laboratory  control  spike  (LCS) 

Summary  information  only* 

- 

Instrument  performance  check 

Summary  information  only 

. 

(Tuning). 

Degradation/breakdown  (SW8080). 

Summary  information  only 

- 

Initial  calibration  data 

Summary  information  only 

- 

Continuing  calibration  data. 

Summary  information  only 

- 

Calibration  blank  data 

Summary  information  only 

- 

Internal  standard  area  and  retention 

Summary  information  only 

time  summary  data. 

Retention  time  windows 

Summary  information  only* 

- 

Second-column  confirmation. 

Summary  information  only* 

- 

To  be  done  for  all  compounds 
that  are  detected  above  reporting  limit 

Analysis  run  log. 

No  format 

Requirements  for  inorganic  analytical  methods 
Metals: 

Sample  data  sheets. 

Summary  information  only  * 

- 

Initial  and  continuing  calibration. 

Summary  information  only 

- 

Method  blank,  taken  through  sample 

Summary  information  only  * 

preparation. 

Calibration  blank  data. 

Summary  information  only 

- 

Interference  check  sample. 

Summary  information  only 

- 

Laboratory  control  spike/laboratory 

Summary  information  only* 

control  spike  duplicate. 

Matrix  spike/matrix  spike  duplicate. 

Summary  information  only  * 

- 

Post-digestion  spike  sample  recovery 

Summary  information  only 

_ 

Method  of  standard  additions 

Summary  information  only 

- 

Serial  dilutions 

Summary  information  only 

- 

Analysis  run  logs 

No  format 

*  Indicates  hard-copy  deliverables  required  for  QC  summary  package  of  Option  3  and  4. 

a\  Summarized  results  can  be  in  any  format  that  provides  the  necessary  data  to  completely  validate 

that  QC  parameter.  Example  formats  are  the  form  equivalents  to  those  defined  for  the  USEPA 
Contract  Laboratory  Program  (CLP)  or  SW-846  programs. 
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The  laboratory  reporting  system  will  be  implemented  and  tested  prior  to  beginning 
the  sampling.  Any  problems  detected  in  format  will  be  corrected  by  laboratory  prior  to 
providing  any  electronic  deliverables  to  the  contractor.  All  data  entered  into  the 
electronic  data  files  will  correspond  to  the  data  contained  in  the  original  laboratory 
reports  and  other  documents  associated  with  sampling  and  the  laboratory  hard  copy 
data  deliverable  packages. 

7.6.7  Quality  Assurance  Reports 

At  monthly  intervals  beginning  with  the  initiation  of  sampling  activities,  the 
laboratory  will  submit  to  the  contractor’s  project  task  manager  an  internal  QA  report 
that  documents  laboratory-related  QA/QC  issues.  These  reports  will  include 
discussions  of  any  conditions  adverse  or  potentially  adverse  to  quality ,  such  as. 

•  Responses  to  the  findings  of  any  internal  or  external  systems  or  performance 
laboratory  audits;, 

•  Any  laboratory  or  sample  conditions  which  necessitate  a  departure  from  the 
methods  or  procedures  specified  in  this  SAP; 

•  Any  missed  holding  times  or  problems  with  laboratory  QC  acceptance  criteria; 
and 

•  The  associated  corrective  actions  taken. 

Submittal  of  QA  reports  will  not  preclude  earlier  contractor  notification  of  such 
problems  when  timely  notice  can  reduce  the  loss  or  potential  loss  of  quality,  time, 
effort,  or  expense.  Appropriate  steps  will  be  taken  to  correct  any  QA/QC  concerns  as 
they  are  identified.  The  QA  reports  and  a  summary  of  the  laboratory  QA/QC  program 
and  results  will  be  included  in  the  final  project  report. 

7.7  CORRECTIVE  ACTION 

The  following  procedures  have  been  established  to  assure  that  conditions  adverse  to 
data  quality  are  promptly  investigated,  evaluated,  and  corrected.  Adverse  conditions 
may  include  malfunctions,  deficiencies,  deviations,  and  errors. 

When  a  significant  condition  adverse  to  data  quality  is  noted  at  the  laboratory,  the 
cause  of  the  condition  will  be  determined,  and  corrective  action  will  be  taken  to  prevent 
repetition.  Condition  identification,  cause,  reference  documents,  and  corrective  action 
planned  will  be  documented  and  reported  to  the  contractor  QA  officer  by  the  laboratory 
QC  coordinator.  Following  implementation  of  corrective  action,  the  laboratory  QC 
coordinator  will  report  the  actions  taken  and  their  results  to  the  contractor  project 
manager  and  QA  officer.  A  record  of  the  action  taken  and  results  will  be  attached  to 
the  data  report  package.  If  samples  are  reanalyzed,  the  assessment  procedures  will  be 
repeated,  and  the  control  limits  will  be  reevaluated  to  ascertain  if  corrective  actions 
have  been  successful. 
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Implementation  of  corrective  action  is  verified  by  documented  follow-up  action.  All 
project  personnel  have  the  responsibility,  as  part  of  the  normal  work  duties,  to  identify, 
report,  and  solicit  approval  of  corrective  actions  for  conditions  adverse  to  data  quality. 

Corrective  actions  will  be  initiated  in  the  following  instances: 

•  When  predetermined  acceptance  criteria  are  not  attained  (Tables  7.1,  7.2,  and 
7.3)  (objectives  for  precision,  accuracy,  and  completeness); 

•  When  the  prescribed  procedure  or  any  data  compiled  are  faulty; 

•  When  equipment  or  instrumentation  is  determined  to  be  faulty; 

•  When  the  traceability  of  samples,  standards,  or  analysis  results  is  questionable; 

•  When  QA  requirements  have  been  violated; 

•  When  designated  approvals  have  been  circumvented; 

•  As  a  result  of  systems  or  performance  audits; 

•  As  a  result  of  regular  management  assessments; 

•  As  a  result  of  intralaboratory  or  interlaboratory  comparison  studies;  and 

•  At  any  other  instance  of  conditions  significantly  adverse  to  quality. 

Laboratory  project  management  and  staff,  such  as  QA  auditors,  document  and 
sample  control  personnel,  and  laboratory  groups,  will  monitor  work  performance  in  the 
normal  course  of  daily  responsibilities. 

The  laboratory  QC  coordinator  or  designated  alternate  will  audit  work  at  the 
laboratory.  Items,  activities,  or  documents  ascertained  to  be  compliant  with  QA 
requirements  will  be  documented,  and  corrective  actions  will  be  mandated  in  the  audit 
report.  The  contractor  QA  officer  and  laboratory  QC  coordinator  will  log,  maintain, 
and  control  the  audit  findings. 

The  contractor  QA  officer  and  laboratory  QC  coordinators  are  responsible  for 
documenting  all  out-of-control  events  or  non-conformance  with  QA  protocols.  The  QC 
checks,  their  frequency,  acceptance  criteria,  and  corrective  actions  for  out-of-control 
data  are  summarized  in  Table  1.1  for  each  analytical  method.  A  nonconformance 
report  will  summarize  each  nonconformance  condition.  The  laboratory  will  notify  the 
contractor  project  manager  or  QA  officer  of  any  laboratory  QA/QC  nonconformances 
upon  their  discovery.  Copies  of  all  field  change  requests  and  corrective  action  forms 
will  be  maintained  in  the  project  files.  A  stop-work  order  may  be  initiated  by  the 
contractor  if  corrective  actions  are  insufficient. 
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7.7  AUDITS 


This  section  describes  participation  in  external  and  internal  systems  audits  for 
AFCEE  contractors  and  laboratories. 

7.7.1  System  Audits 

System  audits  review  laboratory  operations  and  the  resulting  documentation.  An 
onsite  audit  ensures  that  the  laboratory  has  all  the  personnel,  equipment,  and  internal 
standard  operating  procedures  (SOPs)  needed  for  performance  of  contract  requirements 
in  place  and  operating.  The  system  audits  ensure  that  proper  analysis  documentation 
procedures  are  followed,  that  routine  laboratory  QC  samples  are  analyzed,  and  that  any 
nonconformances  are  identified  and  resolved. 

,  .  » 

7.7.2  Internal  Audits 

The  laboratory  must  conduct  internal  system  audits  on  a  periodic  basis.  The  results 
of  these  audits  will  be  documented  by  the  laboratory  QC  coordinator,  and  the 
laboratory  will  provide  the  contractor  with  the  results  of  these  internal  audits. 

7.7.3  External  Audits 

The  contractor  project  QA  officer  or  designee  may  conduct  an  external  system  audit 
of  the  laboratory  during  the  performance  project  samples.  This  audit  would  evaluate 
the  capabilities  and  performance  of  laboratory  personnel,  items,  and  activities.  It  also 
documents  the  measurement  systems  and  identifies  and  corrects  any  deficiencies.  The 
contractor  QA  manager  acts  on  audit  results  by  documenting  deficiencies  and  informing 
the  contractor  project  manager  of  the  need  for  corrective  action.  The  contractor  project 
manager  may  suspend  operations  until  problems  are  resolved.  If  conditions  adverse  to 
quality  are  detected,  or  if  the  contractor  project  manager  requests  additional  audits, 
additional  unscheduled  audits  may  be  performed. 

In  addition  to  the  contractor  audit  of  the  laboratory,  various  state  and/or  federal 
agencies  may  conduct  an  audit  prior  to  the  commencement  of  the  project,  and  may 
conduct  additional  audits  as  deemed  necessary.  The  frequency  and  schedule  of  any 
such  audits  will  be  established  by  the  auditing  agency  and  coordinated  directly  with  the 
laboratory. 

7.7.4  Performance  Audits 

Laboratory  performance  audits  may  be  conducted  to  determine  the  accuracy  and 
implementation  of  the  SAP  by  the  contractor  QA  manager  or  designee  prior  to 
initiation  of  field  sampling.  Unplanned  audits  may  be  implemented  if  requested  by  the 
contractor  project  manager.  In  addition  to  in-house  performance  audits,  the  laboratory 
may  also  participate  in  interlaboratory  performance  evaluation  studies  for  different  state 
or  federal  agencies.  The  contractor  project  QA  manager  will  act  to  correct  any 
laboratory  performance  problems. 
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7.8  PREVENTIVE  MAINTENANCE 


7.8.1  Procedures 

Equipment,  instruments,  tools,  gauges,  and  other  items  requiring  preventive 
maintenance  will  be  serviced  in  accordance  with  the  manufacturers'  specified 
recommendations  or  written  procedures  developed  by  the  operators. 

7.8.2  Schedules 

Manufacturers'  procedures  identify  the  schedule  for  servicing  critical  items  in  order 
to  minimize  the  downtime  of  the  measurement  system.  It  will  be  the  responsibility  of 
the  individual  operator  assigned  to  a  specific  instrument  to  adhere  to  the  instrument 
maintenance  schedule  and  to  promptly  arrange  any  necessary  service.  Servicing  of  the 
equipment,  instruments,  tools,  gauges,  and  other  items  will  be  performed  by  qualified 
personnel. 

The  laboratory  will  establish  logs  to  record  maintenance  and  service  procedures  and 
schedules.  All  maintenance  records  will  be  documented  and  will  be  traceable  to  the 
specific  equipment,  instruments,  tools,  and  gauges.  Records  produced  for  laboratory 
instruments  will  be  reviewed,  maintained,  and  filed  by  the  operators  at  the  laboratories. 

7.8.3  Spare  Parts 

A  list  of  critical  spare  parts  will  be  requested  from  manufacturers  and  identified  by 
the  operator.  These  spare  parts  will  be  stored  for  availability  and  use  in  order  to 
reduce  downtime  due  to  equipment  failure  and  repair. 

7.9  SUBCONTRACT  LABORATORY  SERVICES 

The  laboratory  will  assume  responsibility  for  providing  all  analytical  services 
specified  in  the  laboratory  agreement.  Should  it  be  agreed  in  writing  that  the 
laboratory  may  use  an  additional  subcontract  laboratory  facility,  the  primary  laboratory 
will  supply  to  the  contractor  the  SOPs,  MDL  studies,  and  QA  plans  for  the  other 
laboratories  that  are  used.  The  laboratory  will  be  responsible  for  communicating  all 
analytical  guidelines  and  QC  requirements  of  the  project  to  these  laboratories.  The  QA 
officers  from  both  the  primary  laboratory  and  the  contractor  will  monitor  the  data  from 
subcontract  laboratories  and  correct  any  QC  nonconformances. 
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